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Chapter  II  .'.'siding  Hater iali 
Section  1 General  -i.'ali'S 


...ater  lal  3 


2.1.1  .i'slding  materials  for  lov/  and  medium  carbon  steel  and  for  lov.’  alloy 
structures  must  me-t  the  reouire.r.ents  specified  in  this  c'.iapter  and 
must  have  the  complete  testing  dcom-ieneation. 

2.1.2  Hew  -.velding  materials  for  hull  cor.structicn  ..lust  ce  certified  by  the 
departments  concerned,  and  agreement  must  be  obtained  from  the  Ship 
Inspection  Bureau, 

2.1.3  ixaminttion  and  reexamination  of  welding  materials  must  be  carried  out 
in  accordance  v;ith  the  requirements  specified  in  Shaptar  I and  II  of 
Book  71 I. 

Dimensions  of  Gpecimens  and  Testing  Hethods 

2,1, 'i  Dimensions  and  testing  methods  of"  specimen  process  of  testin.^  ito.-.s 

specified  in  this  chapcer  must  be  in  accordance  v/ith  the  recuiremenis 
concerned  as  soecifiea  in  Book  7II. 

Section  2 -/elding  liods  for  .aanusl  ileotrio  .-jro  elding 


.quantity 

2.2.1  Bach  batch  of  •veldinp  rods  must  be  faorioated  from  the  some  bate''. 

of  m.aterials  of  the  .otmo  core  and  coati.ig  '^si.ig  the  sa.ie  oar.nfact.irir.i 


tec'rnioue,  .he  .luantitv  of  each  batch  .oen-Ji'aH'  s.io  ;lo  n 
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ind  aeans  and  side  sejims  of  shell  plating  in  the  ico  sell.  laO'-Gisn; 

fora^jr  .veld  cf  sheer  s^rake  of  oho  loagdVi  of  ohs  ship  yroaoer  ohan  .,J  ■ 
and  ooraor  veld  of  strength  deck  side  .'la  oes  '.vithin  C.vL  ar.idshio; 

-ja.:t  stens,  derrick  booms,  and  lifeboat  gears  and  other  co.t;oner.ts  sob;; 
to  he-\'/y  loads; 

iO'.vir. g :-ook  stands; 

...ain  engine  seating  and  its  oonneotir.g  components; 
oteam  boil-rs  and  Grade  1 and  2 pressure  vessels; 

Stems,  sternposts,  and  transoms; 

-achine  parts  of  .changing  load,  i.-pact  load,  and  heat  .stress. 


Section  3 .Vslding  Strips  and  ?lu;c  of  Autc.matic  ^nd  Semi-a:tc:u.- tic 
.'Velding  u.nder  the  flux  J-ayer 

fhemioai  Ccmposition 

i.o«l  chemical  composition  of  v/elding  strips  .must  meet  the  reouire.ments 
Speciiied  in  Table  2,.3.1.  fnext 

£;.5.2  uhe.mical  analp'sis  soeclmens  of  ’.vslding  strips  sho  .Id  be  taken  fro.-:  3 , o:' 
eacn  batch  accordi.n:  to  the  numforir  of  bundles  (but  not  less  than  t.vo 
bundles;,  to.-ien  frc.m  the  tvro  ends  of  the  ..eldin-  strios  of  each  bu'-idle. 
Anal;/tical  results  for  G,  S,  and  f should  ce  certified  accordin.j  to  the 
composition  of  each  end  of  the  strip,  and  the  results  of  the  other  elements 
snould  be  taken  kr.o.m  the  average  value  of  the  two  e.nds  of  the  ■.■■eiii::  ’ strios, 
If  the  analytical  results  have  an  item  fruit  does  net  cualifv,  ret-ostir.--  ,.f 
thj  u^iqualified  elements  is  permitted,  using  t-.-ice  the  •i.-.o/nz  of  ’.me' 

stccimons  amonz  the  unanalv'z.ed  strips.  -hose  that  are  still  not  vuaiif'ed 

^ i lO i.^-i  ii.^  V €i  i .1  ensm nt-l  o (r **1  e*”  ij  c* i!*  'i  c o -.i ■ i. 7 p 

selecting  those  that  fc  finally  cualify  for  use^  ' 

2.3.3  Goncernfng  the  carbon  structural  v/elding  strips,  if  the  .ma.oufactari;-..-  plant 

.e.x.-i-ety  cer..z.fy  tr.at  tr.e  chemical  C’Oritents  of  Gi  and  .**n  me 
the  specified  revuirsments,  only  the  analvsis  of  the  co  its- ts  "o 
is  required. 
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Strips 

C 

Mn 

Si 

Cr 

Ni 

3^  h:  V 

H08 

<0.10 

j0.30 — 0.S5 

<0.93  ; 

^0. 15 

<0.30 

0.04  O..;, 

' * 

H08.^ 

<0.10 

jo. 30^0.55* 

1 

t^O.OZ  j 

<0.10 

%;0.25 

0.03  0.;: 

ft 

H08Mn 

<0.1C 

• 1 
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<0.03  1 
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HOa-MnA 

<0.10 

|0.80~I.1C, 

<^0.03  ! 

<0.10 
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0.03  i 1.0’ 
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H10Mn2 

<0.12 

il.50~!.90! 

<0.03  1 

<0.20 

<0.30 

0.04  i .t'i 

)S^ 

HlOMnSi 

<0.14 

j0.80~1.10  0 

.60—0.90; 

<0.20 

<0,30 

0.03  ..'.I,- 

HOSMn  2 Si  A 

<0.10 

1 1. 8 — 2.1  (1 

.-G— 0.95' 

<0.20 

<0.25 

0.025 
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y structural  steel 

The  oorabina.i:.L;n  oT  flux  ai'.d  v/cldir.g  scrips 


usceicu-r.^a  asocrac:;.:  to  C:'.-: 


r.c-chanical  orooercie 


jf  ch3  dii’furor.c  uararit  metals.  The  tensil-s  screr.jch 


bendover  sr.irt,  oxcer.sicn  rati:’,  aud  inoasc  toughness  of  chu  dspositou 
r.iecals  of  cr.e  resale  cf  che  conbiracion  as  -ivell  as  cr.e  oola  bemr.o  angle 
of  butt  '.veldsd  joints  should  Xieet  08  sene  requirenencs  ;'or  ruvnual  arc  -.veld 
ing  strips. 

2.3.5  .Velding  strips  that  sit. .or  use  d.o.  or  a.c.  source  for  -.ve las ---.vel ting  flux 
cemoination,  should  use  a.c.  source  during  testing. 

2.3.6  Dehydrogenation  trsatrssnt  of  tensile  ttjst  spscLnens  of  the  deposited  T.ete.ls 
and  the  cold  bending  scecLnens  of  butt  joints  should  be  carried  cut  in 
accordance  -.vith  Section  2. 2. 2(4)  of  this  chapter. 


Chapter  3 .'elding  — etheds  for  null  Struc  turs 
Section  1 Butt  ueliing 


Bevel  Tyoes 

•z  •»  1 

*D  t -i.  « J. 


•‘“•*1  -- 


In  v.-elding  nu.t';  rials  -.vith  a thic’.-cness  equal  to  or  less  than 
are  dofinitely  •.■.'eldatle  v/ith  full  cer.ttratisn,  may  be  v/eldet  v.'ithou 
beveling  the  abutting  plate;  materials  .vith  a thicksness  exceeding  6 
should  be  prepared  for  v/elding  according  to  different  -.velding  proce 
~ay  be  .velded  by  the  single  beveling  or  do  foie  beveling  .Method.  Be 
types  may  be  detomined  acccrling  to  the  .vork  situation. 


MM 

; s, 
vel 


3.1.2  If  the  v/elding  orocess  selected  can  insure  full-penetrat  ic:.  '.velds  o; 

entire  thickness,  bevel  types  -are  not  ILnited  by  the  require.Ments  s. 
in  Section  .3.1.1. 

Sealing  '.Veld 


tr.e 

;cif ied 


u.i  a-.d..uion  ,0  i-ne  special  do.;ble  oeveling  '//eld  tec'.tnicue,  ot'/ier  mu'! 
..  u .t  .velaing  sno'/ld  incl'ude  the  sealin,''  .veld. 
i'r.i  ' ' ' ' ' 


.toes  I 


'.ve  1 ' 


■ ^ -0  ..'.'r.M.ned  that  sealing  ■.vela  cannot  be  oarr’.’.d  ■-  ---a 

-Cess  r.ay  to  used  to  insure  full  te'-’.-nat' --(’--IVl-, 
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Areas  for  scallopsi  i-.oerr.ioten  fillet 
design,  bat  o’r.e  follov/in;  areas  should 
•■veld : 


v.-eld  oiay  be  deoonair.sd  acoordir.r  uo 
no's  use  scallooed  inserr.iissen  fills 


^1;  .Vishin  the  area  0.15L  frcn  the  stern  and  vithin  nhe  aft  oeah; 
(2)  Tithin  ccriocnents  having  greater  rigidity; 


(3) 


The  entire  'oraches,  and  ends  of 
and  '.vithin  area  Sou  tl.?.  fr,s;n  t'ne 


se-ris,  I rone  3,  1 

two  sides  //here 


Section  3 i-an  Ifeid 


Asolicable  hajige 

3.3.1  Lap  v/eld  should  not  he  used  for  '//elding  major  structures  of  ship  hall; 
butt  weld  s'nould  be  used. 

Lao  Veld  .Vidth  and  .lelding  Dimensions 

5.3.2  If  lap  ',veld  is  used,  its  lap  -//iith  h s'nould  meet  t'-e  re suirements  listed 
belo;'/;  also,  the  welding  dimensions  of  the  t'.vo  jointed  surfaces  of  'the  lap  v/eld 
should  be  in  accordance  //ith  the  recuirements  of  the  No.  1 weld  soecified  in  fable 
4. 1.5(2/ (a),  '//here  6 = 28  + ISani;  but  sho'sld  not  be  greater  tran  50  nm. 


In  the  above  formula,  8 = she  thic'-tness  of  the  thinner  block 

olate  of  the  lapped  joint. 


3.3.3  The  lap  width  of  the  s'nell  date  and 
be  specially  considered. 


forged  steel  s tempos t shouln 


Section  4 Plug  Veld  and  Spot  '.'Veld 


Plug  'Veld 

is  suggested 
Figure  3.4.1, 

in  oraer  to  satisfy  the  requirements  of  sufficent  root  uenetr.^tion. 


0.^.1 


onaer  special  conaition  -.vnen  dug  weld  is  seleotea  for  use. 


that  such  '//elds  may  be  spaced  according  to  the  dLsensisns  soecified 


It 

in 
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3hao'cer  17  .Vel-iiii;:  of  r'ull  jor'ior.urj 


Section  1 Tenoral  llules 


aoruooure 


4.1.1 


(1)  In  the  various  v;eld-3d  snrucoures,  v.elded  joinot;  arranged  in  the  area  wnere 
snress  o oncer. orates  should  be  avoided;  the  olace  7,-here  seocic.ns  of  nerr.bers  onar.ie 
abruoolv  sho.ild  hao-e  a sufficent  transition  area. 

(2)  In  various  v/elds,  .-nanual,  autc.tatic  cr  seniaatoniatic  welding  of  dov.r.hand 
welding  oosition  should  be  considerea  for  use  v/ithin  t'r.e  .r. ax .tr. u-oi  ra-nge  oossible 
duri.ng  welding  cperaticns. 

\oi  Koriztonal  welds  for  najor  hull  structures  should  .Maintain  a fixed  dista.ncs. 
noriztontal  distance  for  butt  welds  should  not  be  less  t;..an  ItJ  mmj  and  pointed 
angle  formations  should  be  avoided.  The  horizontal  distance  between  outt  v;elas 
o.nd  corner  welds  should  not  be  less  th.an  50  mm. 

(4;  In  butt  welding  materials  with  different  thickness,  when  the  thickness  is 
greater  than  or  equal  to  4 m-t,  the  ed.ges  of  the  plate  sho..ld  be  scarfed,  making 
it  to  have  a homogeneous  transition.  The  v.ddth  of  the  scarf  should  not  be  less 
than  4 times  the  thickness, 

4.1.2  Vfelriin.g  ‘'reparation 

(1)  Before  v.-elding,  the  oxidized  splinters,  moisture,  oil  pollution  and  ether 
oollutents  that  .might  affect  the  quality  of  the  weld  she. -Id  bo  removed  from  the 
groove  edges  of  the  welded  parts. 

(2)  Groove  types  and  fitting  gaps  of  the  v/el-ied  edges  should  meet  the  require- 
ments soeoified  on  design  drawings.  Tack  welding  that  might  aff-oct  the  quality 
of  v/eld  and  edge  defects  should  be  removed  or  correct  before  welding  operations. 

(3)  Vihen  welding  low-alloy  steel  parts  or  parts  with  strong  rigidity  under 

low  temoerature  conditions,  effective  pre-heating  and  thermal  protective  ooorations 
should  oe  practiced. 

4.1.3  Types  and  coantlings  cf  Corner  .Veld  of  Hull  ctructure s 

(1)  .Veld  leg  scantlings  of  corner  welds  should  oe  determined  -according  to  the 
thickness  of  the  structural  o-urt's  thinner  slate. 


(2/  Corner  -.veld  types  and  sca.ntlings  of  dry  cargo  ship  hull  structures  s'r.o..ld 

be  in  accordance  with  those  specified  in  Table  4.1.3(2;\a;  and  fable  4.1.5(2,(b), 

v3/  Corner  v/eld  types  and  scantlings  of  tanker  hull  structures,  except  those  of 

oil  ta.'.ks,  -.yhich  should  bo  in  accordance  with  those  specified  in  Table  4.1.5(2j\aj 

a.nd  Table  4.1.3(3j,  should  meet  the  requirements  specified  in  Table  4. 1.3(2)  (a;  a.nd 
Table  4.1..?(2,(o;  . 

Scantlin-qs  of  well  l-s.'s  of  corner  welds  for  oil  tank  deck  structure  of  tankers  shoH 
be  in  accordance  v/i  oh  the  requirements  specified  in  Table  4.1.3(2)(a),  v/ith  an 
aoditio.'.al  1 mm  in  t.oickness  for  corrosion  reulacement. 
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-'Cnverred  iio'car.cs  c 
section  of  ohe  -.veld. 


(2)  .^en  the  thicicnsss  of  zhe  olaoe  is  greater  than  ISrjo, 
ito,  5 -.veld  should  be  changed  oo  bhe  4 -veld. 


one  seiecoec 


(J  Ct- 


'-•tu 


cf-  ct 


vioT;e : (l;  Double  conoir.uous  soren/th  .veld  should  be  used  for  ends  of  cross  sections 

of  girders,  floors,  strength  oransverse  bea.T.3  and  longioudirials  and 
bracket  areas  in  accordance  v/ith  require.-eents  snecified  in  the  oresenc 
Section  4.1.4. 

(2)  » ii'ccept  for  coascal  area  tankers  -.Thich  n.ay  use  “he  inssrr. iosen  v;eld, 
other  tarfcers  should  use  the  double  co.: sinuous  weld. 


Ssrengsh  Vfeld 

4.1.4  .'.hen  intersiicten  .veld  or  single  continuous  weld  is  selected  for  use  in 
veldin.i;  vari.ous  structures,  double  continuous  ssrengsh  weld  .nay  be  used  in  .'.el 
inds  of  onnpcn.enns  in  accordance  -.vith  the  reouired  lengths  .descriced  below: 


i.1)  Corner  weld  f or  webs  and  face  ''la  tes  of  buils-u_o  girders,  ssrengsh  tra.nsver se 
beans,  and  strength  franes  sho-.sld  be  double  co.nsinuous  weld  in  she  bracken  area. 

{?.)  Stren.gth  weld  lengths  of  ends  of  girder.s,  floors,  ssrength  sransverse  b.-or.s, 
and  ssrengsh  fraaies  should  nos  be  loss  the  heighs  of  she  weos.  hoivever,  side  girder 
ends  of  insercoassal s nay  be  reduced. 

(o)  Strength  weld  lengsh  of  she  cross  sectional  ends  of  longitudinals  should  nos  be 
less  Shan  one  frane  soace. 


(4)  7(hen  chanfering  she  ends  of  franes,  iss  strength  w'eld  length  shoula 
scan  she  c.nanfering  lengsh;  when  she  ends  of  frr-nes  are  fass.ened  b”  ■.veld 
strength  weld  lengths  should  not  be  less  than  she  hoighs  of  she  franes. 
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I'nsn  'cl.i'j'-ir.ess  cf  .I'li'cs  >12^™  > I’ili  .t;  c.^rner  .‘.1::  1 ^r. jth  75mm} 


Figure  4.1,5 


Section  2 .Yelding  of  Main  Joints  in  null 


o i^ru  3tui'es 


Stemoos-cs,  stern iosts,  rudder  stocks,  and  stern  shaft, 


4,2.i  Yelding  of  stenposts,  sternposts,  rudder  stocks,  and  stern  shafts: 

1,1,!  Sasnirg  and  i.;rg-;a  nasiais  f.nr  jse  should  -’.eet  the  : irerr.-;:t3  3 i,;,i 

in  too!':  71 1. 

u:  one  v-^lO  ne'-bers  consnin  carbon  .^re- ter  than  j.ad  or  -ne.’ing  stro  : ri: 
orresponding  preheating  ani  thermal  uroteation  praitices  shoula  se  carri^ 
efore  and  after  .eldin^. 


,3)  In  usir..-  manual  ■.veliin. 


lid  ste.njosts.  stern  :a3Ls.  redd-r  sen,' 


Section.  2 Inspection  of  Internal  Veliin.-;  ,.unlity 

•5.2.1  After  najor  hull  .vel.iin^  is  completed,  in  aidition  to  -he  external 
inspection,  in  accordance  -.vitr.  Section  1 of  tr.is  chapter,  internal  cpca 
inspection  should  be  carried  cut  accordi;.^  to  tne  cr-'S-cnt  section. 


5. 2.. 3 .-iatio  and  :uali 
r.ajor  hull  -.v-cldint, 
v.ith  t!^o.';e  s-ceci'-'is 


ft'in^  /;rade  levels  of  observation  (or  fla.v  ieteo 
except  those  of  special  r^e  , uir-:,... ::.t,  should  be 

•i  » ri  * *i .)  i.  *3  <3 « • vi' « 
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Vcid  coniparttrien'ts 

.raver  ool'urin  heighs  v.o  sop  of  sank 
above  G.o  m 

Sottorp.  valve  box 

10 

.Varner  ool'unn  heighv  to  bulkhead  deck 
[ above  1 m 

(i-ch  fluching  instGllaT:iai  s 

1 

11 

.^U'jd,6r3>  pip©^ 

Vater  column  height  equals  to  1.5 
times  the  draft 

1 .aaertighc  cov.ponenos  suoh  as  sh-  ft  alleys, 
h-ilbheads,  decks,  open  pc-’tions  end 
caoside  coarslngs  cf  oop  deokheuses, 
-.vateroight  doors  and  -.vindov.-s,  ha'och 
coaniings,  hatcli  covers,  oto. 

flushing  tests 

1.:-: 

Galley,  panory,  laundry  room,  sho-.ver, 
lavrine,  batvery  rooa,  e:.c. 

'-■nfier  coamings,  use  water  ro  ;Tir.g 
tests,  rei-ht  to  the  threshh.'id. 

i.coe:  (l;*  bhips  v;ith  a deoch  less  v'r.an  5 si,  height  of  -.vaoer  oolunn  above  the  !! 

deck  may  be  1.5  times  she  depth.  j 

(2)  flushing  tests  should  be  in  accordance  v.’ith  mhe  following  re : uiremer.os  : 

^1)  nei  ;ht  fsem  zhe  mesoing  soom  me  v/ater  s n^^ai'ing  shsuld  be  less  tear.  ! 
l-.m,  (2)  ..oziils  diamcoar  snould  nom  be  less  an  id  mm  ^3;  fljshin^ 

disoancs  should  not  be  g.-eaoer  mhan  5 m. 
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(Ij*  T/'a  oarent  x.etal  is  lov^-  alloy  steel, 
according  o,  tie  bend  cenuei'  dianetir  d 


ces'ci.:^  sr. Jia  os  oa.'rled  o jt~ 
of  r/.'.e  oareno  Tienal, 


^ ^ ^ ^ jn  y 0 • GL  ^ 


valns  of  T-l.e  .3  3..3oi.-nsns  for  L:.:a30  oou^hness 
cns  weld,  =u-  the  lowest  value  of  one  of  oheoi  sho  da  no:;  be  les; 
uhan  the  required 


\i)  ..eldin^j  of  ointes  v/ith  a nhickneso  unaer  13  raa  oiay  or.iz  ohe 
Lapacit  test. 

v,4;  If  a certy,in  teso  doss  not  qualify,  than  ossein,:  ioe;::  r.ay  be 

reinsoecsed  by  selecting  tv/ice  she  nu;Tiber  of  soeainens.  If  still 
not  qualify,  in  should  be  analyzed  and  rewelded;  the  new  v.-eld 
sno.ild  ce  subjected  co  heat  tneabnent  and  then  be  rases  ted. 
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yhaa^er  71 1 .leldin^:  nf 


Section  1 


.,]or  --acr.ir.e  ^arr,= 


01  -'■■otor  on  :03 


7.1.1  T'.iio  section  ac:li3s  to  -.void in;;  oi'  rotor  shafts  of  O'.iroine  enoines,  ; 

engines,  exr.aust  bur'oine  pressurizers. 

selection  of  '.Materials 

7.1.2  In  -.veiding  structures  of  rotor  shafts,  suitable  v/elaing  materials  should 
be  selected.  .'/siding  rods,  flux  a-d  other  ■.-.•elding  rr.ateriai.s  should  oe  select.3d 
after  v/elding  tests,  v/ith  their  /tecr.aiiioal  nrcperties  of  tne  dsoosited  nstal  not 
Ic'.'.'er  t'nan  the  lower  value  of  t'r.e  niac'-:anical  -orooerties  of  t';.e  parent  .-.letal. 


Ic'.'.'er  than  the  lower  value  of  t'r.e  niac'-:anical  properties  of  t';.e  parent  .-.letal. 
rrsparation  Before  .'.'elding 

7.1.3  before  -.velding  rotor  shafts,  soecltiens  s'nould  be  fa'orioatsd  according  to 
detemined  and  under  the  sarns  condition  and  tech.nicue;  flatv  detection  a.nd  rteoal 
chase  inspeoticrx  and  .r.echanical  property  testi.ng  should  be  carried  o;t.  '.fork 
snould  oe  carried  o'./t  only  after  tesd^ing  a.nd  determined  cjaiiiisd.  doeciiseris  frcrr; 
prod'ucts  of  oatches,  molds,  and  fixed  coiiitod  or.o.iuction»:  and  under  unc'nangsd 
■technique  and  materials  may  be  selected  at  rar.do.m,  -.vith  the  agree:-:snt  of  t'ne 

chip  Inspection  Bureau,  i-oc'nanioal  pr.o-oerty  t-^sting  includes  tensile,  longit  idinal 
bending  resista.nce,  and  impact  testing  fheir  value  si/fila  not  be  less  than  design 
requiremen^os. 

7.1.4  .xotor  shafts  vinould  be  subjected  to  pre-hsating  gradually  before  v, 'eldin'-; 
during  tne  welding  process,  thermal  protection  practice  s'nould  oe  sericuslv 
■.'/atched.  Temperature  for  pre-heating  should  be' in  accordance  with  the  selected 
materials. 

'beat  Trea'ta'.ent  and  Inspection  .after  .'.elding 

7.1.5  treatment  should  'oe  carried  out  after  t'ne  rotor  shafts  are  welded;  recuire- 

ments  for  heat  treatment  should  be  in  accord  -.vith  the  selected  ma'terials  and  .•.•elai'n-- 
methods.  . 

7.1.0  ./elds  a,,  e 5uoj3C.-ed  to  ix.a'.v  detection  insoeocicjn  in  accordance  v/iPh  the 
requirements  specified  in  Section  5.2.S  of  this  book. 

before  refining,  '.velds  should  be  subjected  to  .v.-agnetic  particle  exa.mina.tion  -x-nd  other 
effective  methods  for  surface  inspection.  Cracks  must  be  ccmpl-oteiy  elimixtated  and 
re  .&.i.ed,  a.-.d  heat  trea'tment  s'nould  be  carried  out  to  eii.minate  stress. 

^i^y'S’iding  rotor  s'nafts,  tef .-.rmation  must  be  severly  contrcll-xd;  if  -fne  vtlume 
■c:  t;:e  d.?fcrm':..ti3n  sur-ass  fne  allowable  value  -us  designed^  they  should  not  be  used. 

7.1.5  ..eav.  s -ability  test  for  rotor  shafts  s'nould  be  carried  out  in  accordance  vmt'n 
requirements  scecified  in  Section  5.4.3  of  B.tok  '111, 


Section  2 ./eldin;^  of  Sngi  .e  base,  S.!Otcrts  and 
v'fner  -'c.moonents 


ACjlica'ols  .iange 


7.P.1  .r.is  section  aacliss  to  the  ■.■.•eidi.ng  of  diesel  engine  seati.ngs, 
oranks'^afts,  cyli.nders  a.-.d  turbines,  and  ot'ner  comoonents. 
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7.i.2  In  ■.veldi.-'g  anrucnures  cf  norr.jonsn*^  msTlo-srs,  sxesl  piares,  szoel  nolis, 
I'or.psd  sr.d  sasui.;'  nateriala  s'nculd  raeet  “ns  rsquirenisnoS  sseoiiied  in  io'k  7. 
■eldir.q  n.aosrials  sslaansd  ■’'ar  nsed  should  be  in  accondancs  v/inn  nr.e  rs  : uir:  r.-. 


s ' a IX 1 e a x n 


^'  ■.15  o.ro.v* 


^'5  Tier  2.1 

I.-.o  .Vr.sxi  it  ig  i''ir3T;  .“anufacr. xrsd  or  using  ns-.v  vxslding  nechnixus,  ■■•eixing  n 
should  be  -peciall;/  ctirrisd  cun;  ins  point  nerforrmnnoe  should  be  in  aocoroanoe 
tns  rsquir errisnts  ox”  Sacticn  3,5.4  ox'  t'nis  book. 

7.::. 4^  Joints  of  tapor  structures  suciected  to  changing  and  irxuact  load  shoulo 
‘.velaad  in  'one  outt- osvele  r.ei'nod,  to  insure  full  penetratior.  ex'  tne  t'r.io.cr.es  s , 
-n  pointing  tvio  o i.r.ponsnts  -.vith  tv;o  o iffsrant  t'nic'tness,  c. .a-.ii’sr  ing  sn  uid  be 
cut  to  insure  sraootn  transition,  in  accordance  '.vit'n  reouirsnents  soscix’iod  in 
4.1.1  of  this  Book. 

7.2.0  Before  v.-elding,  '.velding  edges  should  be  cle&-ned:  cxiaized  solintsrs,  si 
oii  pollution  and  other  pollutants  should  not  be  allov.-xid  to  exist.' 

7 . 1.0  tot  'csite  ;.'0*.rt3  cf  structures  ivith  cctclex  Irter'^al  fi'*ur''*t^ 

'.■.•sided  together  v/ith  t'ne  cast  s'.,ructure.x,  should  a-x-xiid  share  anrle  •.•.■eld  inxsrr 
or  cross  s'jctio.nal  sudden  distorti.xn. 

i'eat  irea'oter.t 


7.2.7  Welds  of  jointed  contonents  shcild  be  subjected  to  surf  a 0=-  ^ •'sof>'’--'’ o-  '■■■ 
heat  Preattent,  according  to  the  recuirsnon cs  steciiied  in'^fhacter 'o  orttps  1 
11  '.'.ro ol e.r.s  in  ■.■xelds  carried  ext  according  to  Beotic.n  7,2.4  .'f''''  ’s  '’■-c-'-ri- 
fla"/  netection  '.Joing  radiography  or  ct'r.er  reiiohole  r.e'i'ncus  sro  ;ld  be  carri’b 

7,2,:j  rieat  treacrier-t  s'r.ould  be  carx'ied  o'ut  after  t'‘=  -a -o  —oItoi 

eiininate  stress.  ^ 

7.2.9^  Conpenents  should  generally  not  be  -.vslded  again  after  heat  treatr.snt-  ii 
.nis.,  ..e  ,'.'9ided  again,  xis  co.T.pensating  welding  teennioue  sh'cuia  ce  s c - ' -i 
con Side red.  ‘ ~ 


spaces  s-iojecw^ed  t-o  pressure  ■.■vi'briin  ceu^onents  '..suen  -.s  cur;';'''-  o' 
.•.siaed  pipe  si'stem  o:'  engines,  cylindirs,  si'ic  -id  be  subjected  to  ■.-.-ater  •irsssurc 
5-  i/r.eir  '.'.eLds  are  m3necued.j  d-es’cin-T*  eressure  are  i 


.'isn  -.vorking  rreesure  P.'<  7 Itg/cm-  . 


ihen  •.•forking  pressure  P,^  7 « 


P=P.  + 3.5  kg/cm’ 
P = 1.5P.  • 


-.crtal  se'-.iin;:  cetponents  sho-xld  be  subjected  to  seaiir.::  tests. 
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-A-C  O.  •*  X * ■ 


After  weldi-g  inoort-Ant  pipes 


pressure,  if 'they  are  nade  of  heat-resis ^apt  alloy 
I'ore  p'r.aa  .'''.24'4  carbon,  heap  oreapment  should  be  carried  oup  po  Lnprove 
and  phe  .potallic  cc'r.eosiPion  of  the  heat  aff-oPod  ar 


and  flanges  of  high  pemperap are  and  high 

1 1 nv  sceel  or  caroon  steel  cor.'.aini: 

e we  Id 


i.d.f  Vihen  heat 
enpirs  section  or 


se  v/iPh  decpion  c.d.l,  Ph 


era-' hr.ent  is  carried  out  in  accordan-O: 
part  of  p'ne  welded  joint  should  be  subjecped  Po  heap  preasnenp. 


Secpion  4 inspection  of  /feliing  quality 


D.  4.1 


Ai  *5  r u fl ; 


quality  oj 


es  are  welded,  p’ne  insine  slag  should  be  re.novei,  an 
1-^  .-.•---if'  =;hould  be  i.nspecPed;  welded  surfaces  shod 


weld 

any  cracks,  swelling  cupgrowths,  air  h 
welded  edges  s’noold  noP  h.awe  any  deep  gnaws 
■zefecPs  exist,  repairs  s’nculd  t 


noP  nav; 

les,  and  uni'iHed  arc  oips  or  aen.ps; 

or  cites,  uf  any  of  phe  acc.i  nenp. 
'.sn  be  carried  oup. 


! ■> 

c.4.2  After  stean  pipes  'navinr  a wor'xring  pressure  greaper  than  15  k-r/'cn-  and  hav 
a tsripsrapure  greapsr  than  .350  degrees  C are  welded,  p’neir  v/eliing  qyuality  should 
be  inspecped,  using  x-ray  or  ga-xca  ray  or  ot'nar  reliable  nethods  and  they  s’nould 
the  requirenents  of  Grade  1 standards  specified  in  Secpion  2 of  C’napper  5. 


mg 
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Chapter  IX  Xiveting 
Section  1 General  Xules 

2.1.1  This  chapter  asalies  only  to  P'ae  partial  riveted  structures  of  hull  weld 
as  sp8Gifi-:d  in  the  present  Rules  for  t'ne  Gonstrucpion  of  Sea-going  Steel  Ships. 


'.1.2  Ri-v’eting  vuiterials  should  meet  the  requirerasnss  specified  in 
Shapter  3,  3cck  7II. 


oecpuon  4, 


e.1.3  Standard  shipbuilding  rivets  are  to  be  used  in  ail  hull  riveted  str',.;cpures  . 

9.1.4  Under  general  conditions,  riveting  is  to  be  performed  after  co.npletion  of 
v/elding. 

If  riveting  is  to  be  carried  out  at  the  sane  pLwie  of  welo.ir.g,  riveting  should  be 
perforned  at  the  area  about  3G0  rma  froa  the  joint,  after  cociolePion  of  v;eldi:ig. 

1.1.5  Joint  surfaces  of  ri'/eting  s'nould  be  cleaned  and  sv.ooth;  joints  should  be 
tight,  and  should  not  have  a.ny  containinating  substances  and  should  not  be  grooved 
or  uneven. 

9,l.c  ni'vets  sho  ;ld  natch  wit'n  rivet  ’r.oles.  'Under  Particular  c v.  iitior.s,  unfair 
rivet  holer,  nay  be  renedied  by  reax.ir.g  the  holes  or  'ey  •.velci.'ig  up  the  holes,  v/hen 
they  do  not  affect  the  joint  strength. 

1.1.7  OiltighP  rivet  joints  generally  should  not  be  installed  with  gaskets.  Vihen 
it  is  difficult  to  insure  oiltight  requirements  during  riveting,  gaskets  that  are 
insoluble  in  oil  are  Permitted  for  installation. 


9.1.8  doles  for  the  countersun’x  rivet  points  are  to  oe  punched. 

5.1.9  After  riveting  is  cornpleted,  edges  of  •..’re  jointed  parts  should  be  ca.ulked. 
T'r.e  distance  betv;een  the  cenper  and  t’ne  edte  of  phe  rivet  holes  of  the  jointed  oarts 
should  net  be  less  than  1.5  tines  the  diameter  of  the  rivet  after  cauliCin.g. 
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BOOK  VII 


IIATBillALS 


Chapter  I General  Provisions 
Section  1 General  Rales 


1.1.1  Quality  and  tasting  of  important  materials  and  manufactured  products  of 

ship  hulls,  boilers,  pressure  vessels,  and  machinery  of  sea-going  vessels 
must  be  in  accordance  vrith  the  provisions  specified  in  this  Book;  oomolate 
and  certified  documentation  must  be  prepared  for  them.  If  there  are  some 
that  do  noc  meet  certain  requirements,  they  must  be  approved  by  the  Shio 
Inspection  Bureau.  ; 


1.1.2  Chemical  composition,  mechanical  properties  and  testing  methods  for  those 

materials  and  mnunufactured  products  of  ship  hulls,  boilers,  pressure  vessels, 
and  machinery  of  sea-going  vessels  that  have  not  been  included  in  this  Book 
may  be  tested  and  accepted  in  accordance  v;ith  the  national  standards  .vith 
the  agreement  of  the  Ship  Inspection  Bureau. 


1.1.3  new  products  and  materials  must  be  certified  by  the  departments  oo -cerned, 
and  must  oo  approved  by  the  Ship  Insoection  Bureau. 


1.1.4  Ship  materials  and  manufactured  products  that  had  been  inspected  by  the 

Ship  Inspection  Bureau  must  be  stamped  -.vith  the  certification  seal  of  the 
Ship  Inspection  Bureau.  The  seal  sample  should  be  the  same  as  figure  1.1.4. 


Figure  1.1.4 


j 


Section  2 Inspection  of  Ship  Hull  Llaterials 


Produ' 

1.2.1 


;s  Inspection 

»roduc..s  inspection  refers  to  tna  inspection  of  shipbuilding 
manufactured  products  conduoced  by  the  lanufacturing  pianos 


materials  and 
in  accordance 
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-.vith  x-he  prase.T.';  .tules  and  merchandise  ordering  conditions.  After  inspection, 
manufacturing  plants  must  issue  the  quality  certificates  of  she  shipbuilding 
materials  and  me-nufactured  products. 

If  the  Ship  Inspection  Bureau  considers  it  necessary,  inspeotiors  may  be  dis- 
patched to  the  manufacturing  plants  to  participate  in  the  inspection.  After 
inspection  and  oertif ication,  the  v«?rif ication  seal  of  the  Ship  Inspection 
Bureau  nay  also  be  struck  on  tlie  manufactured  products. 

-■ieexamination  and  Inspsotion 

1*1.2  aeexamination.  and  inspection  refer  to  the  spot  checking  or  supplementary 

testing  of  ship  hull  materials  or  manufactured  products  conducted  by  the  shio- 
yards  (or  factories  producing  the  ship  machinery)  according  to  the  present 
.lules. 

Shipyards  generally  need  not  carry  out  any  reexamination  or  inspection  of 
shipbuilding  materials  and  products  that  had  been  inspected  and  certified 
with  quality  certificates  in  order,  if  no  special  condition  exists.  If  the 
quality  of  the  materials  or  products  are  -onkncwn,  or  testing  items  included 
in  the  quality  certificate  do  not  meet  the  requiremsnts  soeoified  in  the 
present  .lules,  supolementary  testing  must  be  carried  out. 


Section  3 Treatment  of  Defects 


1.0.1  During  tne  -.voix  process  or  one  insoallaticn  of  the  shiobuilding  materials 
or  products,  if  low  quality  of  the  products  is  discovered,  whether  or  tict 
the  materials  or  products  are  supplied  with  a quality  certifioaie  or  had 
been  reexamined  or  inspected  and  certified,  they  are  not  permitted  for  use. 
.iOwever,  a reexamination  of  the  same  batch  of  materials  or  products  may  be 
conducted. 

1^3.2  If  partial  defects  are  discovered  in  the  original  materials  or  products,  -under 
the  oondi-cion  that  it  -vould  not  affect  the  product  quality,  repair  by  welding 
according  to  specific  conditions  may  be  carried  out.  xepair  by  weldiuig  of 
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important  .materials  or  products  nay  be  carried  out  with  the  agreement  of 
the  Ship  Inspection  Bureau. 

Section  4 Eeat  Treatment 

1.4.1  Inoortaiit  casting  and  forged  parts  must  be  subjoot  to  heat  treatment;  heat 
treat.nent  process  is>  formulated  by  the  manufacturing  plants. 

Chapter  II  Tasting  Methods  and  Speoinens 
Section  1 General  Rules 

2.1.1  The  oresent  Chapter  describes  the  tasting  requirements  of  general  properties 
of  shipbuilding  materials.  Special  testings  and  specific  teclmical  standards 
for  materials  are  specified  in  various  chapters  and  sections  of  the  present 
Rule  s . 

2.1.2  Casting  specimens  fundamentally  should  be  poured  out  among  the  same  castings; 
if  special  requirements  exist,  casting  specimens  may  be  poured  out  alone  from 
the  metals  of  the  same  batch  of  the  products  of  the  same  foundry. 

2.1.3  Specimens  of  parts  that  must  be  subject  to  heat  treatment  shouU  be  cut  and 
selected  from  the  parts  after  heat  treatment.  Specimens  that  were  selected 
alone  should  be  subject  to  heat  treatment  together  v/ith  the  other  parts. 

2.1.4  The  cutting  and  selection  of  specimens  should  be  carried  out  by  the  cold 
working  method.  If  the  specimens  are  cut  and  selected  by  flamming  or  electric 
arc  method,  their  cutting  line  distance  from  the  edge  of  the  specimens  must 

be  at  least  or  equal  to  the  thickness  of  the  materials,  but  not  less  than  10  mm. 

2.1.5  firing  the  process  of  mechanical  testing  of  specimens,  if  the  unsatisfactory 
tested  items  occurred  because  of  accidental  defects,  new  specimens  may  be  cut 
and  selected  from  the  same  materials  of  the  specimens. 

If  the  'insatisfaotory  test  v/as  not  caused  by  accidental  defects  in  the  s^eciaens, 
the  unsatisfactory  iuems  should  be  retested,  selecting  twice  the  n’umber  of 
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specimens  from  the  same  batch  of  materials.  After  retesting,  even  if  only- 
one  specimen  failed  to  qualify,  that  batch  of  materials  or  that  particular 
item  or  part  are  not  permitted  for  use.  hovrever,  the  unsatisfactory  item 
of  that  batch  of  materials  may  be  retested  one  by  one  according  to  specific 
conditions;  those  that  then  meet  satisfactory  requirements  may  be  permitted 
for  use.  The  manufacturing  plants  may  also  carry  out  a new  testing  of  the 
V batches  of  materials  of  all  satisfactory  items  after  heat  treatment  in 

accordance  mth  the  requirements  of  Section  2.1.S;  those  that  then  meet 
the  satisfactory  requirements  are  permitted  for  use. 

Section  2 Tension  Tests 

2.2.1  Tensile  strength  Oj,  , yield  point  , elongation  ratio  6 , and  cross-sectional 
area  reduction  ratio  and  other  mechanical  properties  of  shipbuilding  materials 
should  be  determined  by  the  tension  test. 

tension  Specimens 

2.2.2  Foinns  and  diensions  of  tension  soecimens 

(l)  Standard  specimens  and  proportional  specimens  (different  cross-sectional  shapes) 

used  for  the  tension  test  should  meet  the  requirements  specified  in  Table  2.2.2  (l). 


¥ 


Mote:  Other  proportional  specimens  using  the  gauge  length  and 
diameter  or  cross-sectional  area  ^uch  as  castings  and 
forgings  using  ^ecimens  -.vith  gauge  length  2.5  times  the 
diameter  )y  may  be  permitted,  but  should  be  oointad 

out  on  the  certificate. 
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(2)  Dimsnsions,  allo’.vable  tolerances,  eind  smoothness  of  surface  v/orking  of  round 
suecimens  should  meet  the  requirements  specified  in  Figure  2,2.2  (2)  and  Table 


2.2.2  (2). 


Gauge 


Figure  2.2-2(2) 

In  the  figure : 
lengoh  1 mm, 

illOl I 

il  a nim| 

. - specimen  diameter 


specimens 

specimens 


Soecimen 
dimeter 
d,  <mm) 

l^^lov/able  tolerances  (mm)^ 

iOiameter  '*• 

Gauge  ‘ ■ 1 

1 fin  (.'tVi 

<10 

1 

‘ ±0.1 

±0.1 

0.02 

^10 

! ±0.2 

±0.1 

0.0$ 

Notes  Allowable  tolerances  of,  casting  specimen  diameter  may  be  double. 


(3)  Dimensions  and  machining  smoothness  of  plate-shape  specimens  should  meet  the 
requirements  specified  in  Figure  2.2.2  (3)  (a)  or  (b). 


I 


Figure  2.z.2(3)(») 

In  Figures  Steel  plate  thickness 

B a 40fnm| 

(long  specimen)  mmj 
'■s,63>/a,*,  (short  specimen)  mm; 

/ • 4-  iSmfTit 

il  a 3^  5 mnt. 


1 

f 

i 
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•V 
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, Figure  2-2-2(3)<b)  . • . 

In  Figure  ».  = 4~25mni|  . ^ . . 

b,  **  30nim|  - ' 

. pi-3N/a.».  (long  speoL-nen)  nm; 

5.63v/'<i,/>,  (short  specimen)  mm; 

l = t,+  ISnini, 

Allowable  tolerances  of  specimen  dimensions  shown  in  the 
Spocir.en  vfi'.th  — + o.5mni,  two  figures  above: 

Specimen  length  l, 

Max.  <5:  min.  ’,vidth  differential  value  within  gauge  length. ...  3.1mm, 


A rolling  surface  should  be  kept  in  plates  with  a thickness  greater  than  25mm, 

• then  plane  dovsi  to  25  mm;  and  a ro'md  sp.;ciraen  of  approximately  the  same  thickness 
nay  also  be  made. 

(4)  An  entire  sectional  surface  test  should  be  carried  out  for  the  hot  rolled 
sectional  sticks  with  a diameter  less  than  or  equal  to  25  mm;  specimens  should 
maintain  the  original  rolling  surace;  for  those  with  a diameter  exceeding  25  mm, 
their  specimen  dimensions  should  be  machined  to  meet  the  requirements  specified 
in  Table  2.2.2  (2)  and  Figure  2.2,2  (2). 

(5)  For  tin  bronze  and  brass,  specimen  dimensions  should  be: 

s lOnimi  = SOmm  ^ 

For  bronze  containing  no  tin,  specimen  dimensions  should  be: 

^o=15nim|  I,  s 150mA  , 

For  aluminium  alloys  and  magnesium  alloys,  specimen  dimensions  should  be: 

^o  = 12mm|  /#»60mni  ^ 

(6)  For  flake-graphite  cast  iron,  specimen  dimensions  should  be: 

^,si0mm|  /,  sSOmm  , 

Dimensions  may  also  be:  ; 

^#>10min|  ^0^  6^0*  I 

(7)  For  testing  of  grey  cast  iron,  see  Section  8 of  this  Chapter.  | 
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2.2.3  Tension  tests  should  be  carried  out  at  the  ambient  temperature  (20°C±10°C). 
During  testing,  the  speed  of  shifting  the  machine's  two  grips  under  authorized 
load  should  be  as  follows : 

(1)  Before  the  yield  point  Co*)  or  yield  strength  COo^) is  reached,  it  should  not 
be  greater  than  8^'/second  of  the  original  gauge  lenth. 

(2)  After  the  yield  point  is  reached,  it  should  not  be  greater  than  40'^/seoond 
of  the  original  gauge  length. 

Sstimation  of  Tension  Properties 

2.2.4 

(1)  The  yield  point  is  defined  as  the  point  determined  during  the  elongation 
process  corresponding  to  the  first  drop  of  the  index  shov/ing  the  maximum  and 
minimum  load  applied  to,  and,  except  that  of  the  original  cross-sectional 
area's  yielded  stress  (kg/mm^),  its  accuracy  should  be  within  0.5  kg/mn^, 

(2)  Tension  resistance  strength  is  defined  as  the  specimen's  maximum  load  before 
tension  fracture,  except  that  of  the  original  cross-sectional  area's  yielded 
stress  (kg4nm^),  its  accuracy  should  be  v/ithin  0.5  kg/ram^. 

(3)  Elongation  ratio  is  defined  as  the  percentage  betv/een  the  increased  gauge 
length  and  the  original  gauge  lenth  after  tension  fracture  of  the  specimen,  ios 
accuracy  sho  ild  be  within  0.5?5. 

(4)  The  reduction  ratio  of  the  fracture  surface  is  defined  as  the  percentage 
betvreen  the  reduction  am  unt  of  tlie  fractured  cross-sectional  area  and  the 
original  cross-sectional  area  after  tension  fracture  of  the  specimen,  its 
accuracy  should  be  v/ithin  O.S.t. 

Supplementary  Tests 

'2.2.5  If  the  results  on  an  original  tension  testing  specimen  do  not  reach  twice 

the  diameter  or  7/idth,  starting  from  the  fracture  point,  and  its  elongation  ratio 

does  not  meet  the  stated  or  required  value,  such  test  is  deemed  ineffective  and 

suptilementary  tests  must  be  carried  out.  If  tension  tests  form  double  shrinkage 

bottlenecks,  a new  specimen  should  be  selected.  A sup  lemencary  test  of  another 
soeoimen  must  be  selected  from  the  same  heat  or  test  lot  of  materials. 
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Section.  3 Imcaot  Tests 


2.0.1  The  objective  oi"*  impact  test  is  to  detenaine  the  rnpact  energy  loss  of  zhe 
laetalic  materials  during  fracture  under  pov/er  loading  condition  at  ambient  and 
lo’.v  temperatures. 

Impact  test  is  generally  sho'.vn  vmth  the  impact  pov/er  /^^(kg-m)  or  Impact  value 

ai,(kg-m/cm*)  . 

Impact  Testing  Specimens 

2.3.2  T;/pes  and  dimensions  of  impact  testing  specimens 

(1)  Dimensions,  allowable  tolerances  and  proposed  machining  smoothness  of  U-notch 
type  of  impact  specimens  should  be  in  accordance  with  the  requirements  specified 
in  Figure  2.3.2  (l) . 


Figure  2.j.2<i) 


(2)  Dimensions,  allovraible  tolerances  and  proposed  machining  smoothness  of  V-notch 
tp'pe  of  impact  specimens  should  meet  the  requireraents  specified  in  Fig'ure  2.3.2  (2). 


Figure  2-s«2<2) 


'3,3.3  Selection  and  llachining  of  Impact  Test  Specimens 

(l)  Positions,  the  number  of  selections,  and  orientation  (direction  of  longitudinal, 
horizontal  and  firing  off;  of  impact  testing  specimens  from  materials  are  described 
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in  various  sections  and  chapters  below.  During  the  selotion  process  of  the 
specimens  it  Should  be  assured  that  the  metals  should  not  be  affected  by  the 
cold  treatment  or  heat  to  cause  a change  in  their  properties. 

(2)  Specimens  must  be  machined  at  the  four  surfaces.  However,  in  accord  with 
certain  related  technical  conditions,  the  surface  having  the  notch  perpendicular 
to  one  of  the  original  surfaces,  or  '.vith  materials  having  a thickness  of  13  lam, 
two  surfaces  without  machining  are  allowed. 

(3)  The  notch  of  the  specimen  should  be  perpendicular  to  one  of  the  original  rolled 
surfaces,  in  accordance  v/ith  the  requiranents  specified  in  Figure  2.3.3  (3). 


• Figure  E.3.3  (3) 


Impact  Tests 


2.3.4  The  impact  tests  should  be  carried  out  on  a pendulum- type  impact  testing  machine, 
•with  the  specimen  freely  placed  on  two  racks.  The  maximum  energy  of  the  testing 
machine  generally  should  not  be  greater  than  30  kg-m.  Velocity  of  the  machine 
pendulum  at  the  moment  of  striking  the  specimen  should  be  within  4 — 7 m/sec.  The 
machine  pointer  (or  gauge)  should  assure  the  reading  accuracy  of  the  impact  powr 
pot  less  than  0.5^  of  the  energy.  Impact  testing  machine  support  and  the  major 
'dimensions  of  the  pendulum  should  be  in  accordance  with  the  requirements  specified 
in  Figure  2.3.4. 
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of 


Figure  2.3.4 


0 0 

2.3.5  Impact  te,st  may  be  carried  out  under  room  temperature,  from  20  C-5  C or 
at  low  temperatures  of  0 ' C,  -10^  C,  -2o'  C,  and  -40^  C, 

During  low-temperature  testing,  specimens  should  be  subject  zo  cold  treatment  to 
reach  a low  temperature  of  -60'  C,  using  ice  and  should  not  use  unfreezable  liquid  or 
other  mixtures  as  the  oolding  agents.  Ice  should  be  poui'ed  in  a stirring  fashion 
so  that  the  temperature  would  be  uniform,.  After  the  colding  agent  is  poured  into 
the  container  and  after  reaching  the  required  degree  for  a tLme  of  not  less  than 
5 minutes,  the  specimens  may  then  be  put  in.  The  specimens  should  remain  in  the 
container  for  a period  of  not  less  than  15  minutes,  after  the  temperature  once 
again  reaches  the  required  degrees.  The  specimens  should  then  be  quickly  taken  out 
for  the  impact  test,  within  the  time  limit  of  2 to  5 seconds.  The  suggested  cold 
treatment  temperature  should  under  3"  C to  4^  C. 

During  the  impact  test,  the  gap  between  the  pendulum  striking  point  -.vith  the  notch 
.of  the  specimen  should  not  exceed  3.5  mm.  Accuracy  of  the  readi’.ig  figure  of  the 
impact  po.ver  should  be  within  3.1  kg-m. 
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Section  4 Defonr.ation  Tiae  Effect  Tests 


1.4.1  The  objective  of  the  defonnation  tl^e  effect  tests  for  steels  is  -o 
detsraine,  after  plastic  deformation  under  cold  tre&taent,  the  chanpes  in 
Tiechanic  properties  caused  by  uhe  internal  lusion  precipitation  troc.^s.-j  t.ider 
ambient  or  high  tenperaturas  for  an  extended  time. 

Time  Effect  Specimens 

2.4.2  Specimens 

S'.-.eolmens  are  selected  for  deformation  time  effect  testing  from  one  3.i..:pls 
blank  v/ith  a length  of  300-400  mm  and  a -idth  of  30  mn  from  the  steel  plates 
end  steel  molds.  The  semple  blank  should  be  elongated  to  obtain  o.  10 j permanent 
deformation,  allov/ing  a toloranoe  of  0.5u.  Afterward,  select  a speCt-tiKn  as 
indicated  by  Figure  2.4.2  from  the  gauge  length  of  the  sample  blank  v.-hich  forms 
' a blank  samnle  measuring  10.5  x 55  mm  after  macnining,  v.'ith  one  side  ms.intainin^ 

■che  rolling  surface.  At  this  time  make  it  into  an  impact  specimen  according  to 
the  dimensions  and  finishing  smoothness  specified  in  Section  2.3.2  after  machining. 


Time  Effect  Tests 

I 

2.4.3  The  manufactured  specimen  is  heat  treated  homogeneously  'onder  temperatures 
of  250*  oils'*  C for  one  hour  (artificial  aging),  then  cool  it  in  the  air.  Heat 
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treat;nent  of  the  speoimcns  nay  also  be  carried  out  before  polishing. 

Inpaot  test  for  inpact  specinens  after  rhe  tine  effect  testing  should  be  carried 
out  by  the  psnriulun  type  inpaot  testing  machine  -.vithin  a specific  energy  range, 
'or.der  room  temperature  of  23  Cl5  G. 

Section  5 Bend  Tests 

2.5.1  The  objective  of  bend  test  is  to  examine  the  bending  plastic  properies 
of  steels  yielded  according  to  required  bending  levels  after  cold  and  heat 
treatment  or  after  treatments  similar  to  quenching  temperatures  and  other  con- 
ditions and  to  detect  defects. 

Bond  Test  Specimens 

,2.5.2  Dimensions  of  Specimens 

Bend  test  specimens  are  divided  into  several  tp-pes  as  described  below,  according 
to  their  materials,  types,  and  technical  requirements! 

(l)  Ordinary  steel  plates,  steel  molds,  and  flat  steels  vdth  a •■■/idth  exceeding 
100  nm  are  divided  into  standard  and  *.vide  specimens,  according  to  their  various 
technical  requirements ! 

Standard  specimens;  Thickness  tathiokness  of  the  original  materials  (main- 
taining original  rolling  surface); 

r/'idth  b n,  2 tl2  mm,  but  not  less  than  10  mm; 

Length  L-5  t 4-150  mm, 

.Vide  specimens:  Thickness  t thickness  of  the  original  materials  (main- 
taining original  rolling  surface) ; 

iVidth  bm  5 t J 2m; 

Length  Lt5  t+150  mm 
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The  decree  of  smoothness  after  polishing  of  the  side  surface  of  of  the  side 
surface  .he  plate  should  not  be  less  chan,  its  corner  may  be  made  into  an  arc 
with  a radius  not  to  ’tuc  exceed  2 mm. 

(2)  The  cross  section  of  spscLmens  of  steel  materials  -.vith  square  sections 
having  a -.vidth  less  than  100  mm  or  circular  sections  should  be  equal  to  the 
cross  section  of  the  original  materials.  The  length  of  specLmens,  L,  should 
be  equal  to  5 times  the  thickness  or  the  diameter,  plus  150  mm. 

(3)  Dimensions  of  cold  bending  specimens  of  forged  steel  parts  should  be: 

10  X 20  X 160,  with  each  side  measuruing  in  mm;  each  side  being  small  round 
corner  with  a radius  of  1 mm. 

(4)  Dimensions  of  cold  bending  specimens  of  oasted  steel  parts  should  be: 
sections  of  20  x 25,  -/vith  each  side  measuring  in  mm;  length  not  less  than  2, "0mm; 
corner  sides  made  into  roimd  corners  -.vith  a radius  of  2 mm;  diameter  of  the  bend 
center  d - 50  mm. 

.hen  problems  arise  in  obtaining  specimens,  sections  of  10  x 12.5  may  also 
be  used  as  specimens,  with  each  side  measuring  in  mm;  diameter  of  the  bend  center 
d n 25  mm. 

Bend  Tests 

2.5.3  Bend  tests  are  divided  into  the  follo-.ving  types,  according  to  their 
characteristics : 

(1)  Cold  bending:  Bend  tests  of  specimens  are  carried  out  under  room  temperature. 

(2)  Eot  bending;  Bend  test  of  specimens  are  carried  out  -.vioh  ohe  tasting  machine, 
under  a tei.-.perature  specified  by  a certain  technical  require.ment;  the  specimens 
are  to  be  heated  homogeneously  before  bending  occurs. 

(3)  Tempering  bend  tests:  Bend  test  of  specimens  are  carried  out  after  the 

C 0 

specimens  are  completely  cool  with  .-.ater  with  temperature  of  20  to  30  C;  specimens 


0 0 

should  be  heat  treated  to  a tenperature  of  doO  to  700  C before  tenperinr,  bend 
tests  are  carried  out. 

(4)  'Jon-quenching  hardness  bend  tests:  Bead  tests  are  carried  out  after  cooling 
in  -.vater;  specimens  are  to  be  heated  at  the  quenching  temperature  before  carrying 
out  the  tests. 

2.5.4  In  conducting  bend  tests,  specimens  are  placed  on  the  compressor  (or 
special  tasting  machine)  or  other  equipcient;  bending  operation  is  carried  out 
according  to  specified  technical  requirements  v/ith  respect  to  the  diameter  of 
bend  center,  d,  and  to  bending  angle  as  indicated  in  Figure  2.5.4. 

After  bend  tests,  if  examination  of  specimens  reveals  no  crao'xs,  fractures,  pores 
and  other  defects  present  inside  and  outside  of  the  bending  area,  the  test  is 
deemed  satisfactory. 


Figure  2.5.4 
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Section  6 Top  Upsetting  Tests 

2.6.1  The  obj.ecoive  of  too  upsetting  test  is  to  exa/nine  and  to  detemine  the 
plastic  tr'insfomation  properties  of  rolled  steels,  rivets,  bolts,  and  other 
steel  materials  subject  to  top  upsetting  under  cold  snd  hot  environments. 

Top  Upsetting  Test  Specimens 

2.6.2  Specimens  may  be  selected  from  rolled  steels,  rivets,  bolts,  and  other 
steel  materials  that  are  apparently  satisfactory  after  an  examination;  their 
dimensions  should  be;  cross  sections  should  be  the  same  as  the  sections  of  the 
original  materials  (the  same  as  maintaining  the  original  rolling  or  dra-..dng 
surface),  v/ith  heights  2 times  the  diameter;  ends  should  be  vertical  vrith  ohe 
axis  of  the  specimens. 

2.6.3,  Top  Upsetting  Tests 

'Top  upsetting  tests  should  be  carried  out  vdth  a compressor  or  forging  machine, 
at  room  temperature  or  at  a temperature  for  homogeneous  heat  treatment  that 
satisfies  a certain  technical  requirement.  Specimens  v.'ith  diameter  less  than 
115  may  be  forged  -.vith  hammers  during  top  upsetting  operation;  hov.-ever, 
specimens  should  not  have  any  signs  of  twisted  or  uneven  forging. 

2.6.4,  Specimens  during  top  upsetting  operation  should  reach  a height  of  a 
certain  specified  technical  req.iirement  as  shov/n  in  Figure  2.6.4,  they  should 
not  have  crachs,  fractures  or  other  defects. 

In  the  Figure,  h]_  is  the  height  after  top  upsetting  operation;  h is  the  height 
before  the  specimen  goes  through  the  top  upsetting  operation. 


Figure  2,6,4 
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Section  7 Brinell  Hardness  Tests 


2.7.1  The  Brinell  hardness  test  is  carried  out  no  calculate  the  Brinell  hardness 
value,  using  steel  balls  vri.th  a definite  dianeter  according  to  "he  required 
load  oonipressed  onto  the  surface  of  the  testing  metals  (as  indicated  in  ?igure 
2.7.1  (a));  after  subject  to  a load  for  the  required  nice  and  then  unload  (as 
sho'/m  in  ?ig,  2.7.1  (b)),  she  diameter  of  the  compressed  scar  of  nhe  sceoiaen 
surface  can  be  calculated.  The  hardness  value  is  sho'.vn  by  the  syi.ibol 

(1)  The  Detemiuing  method ' s applicable  range  for  Brinell  har'iness  of  netals 
and  other  alloys  as  specified  in  this  section  is  H3=8^— 450. 

(2)  The  Brinell  hardness  value  is  shovm  by  nhe  average  pressure  (kg,'':.nTi^) 

applied  to  the  soared  surface  area  of  the  steel  ball  of  the  tested  specimens; 

thiS  formulas  belovr  .uay  be  used  for  calculating  the  hardness  values 

HB  = - — 

3iD.(D- 

In  the  fomulas 

P — "load  applied  to  specimen  surface  at  which  the  steel  ball  pressure 
goes  through,  kg; 

D diameter  of  steel  ball,  mn; 

d — --diameter  of  pressure  scar,  mm. 

” T 


(•)  <k) 

Figure  2,7,1 

Hardness  Specimens 
•2.7.2  Specimens 

\1/  xhicrmess  of  the  specimens  should  not  be  less  than  10  times  the  deoth  of 
the  pressure  scar.  If  there  are  other  requirements  specified  by  technical 

coitions,  the  thickness  may  be  8 times.  The  depth  of  pressure  soar  may  be 
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obto-ined  tho  folio, ving  fomula: 

. P 

" kDHB 

In  the  forriula:  ?,  D and  E3  are  the  same  as  2.7.1  (2)  above. 

(2)  The  lor.^th  and  -.vidth  of  soecLncns  should  not  be  less  th.-..;'.  ;vo  vi.-es  dhe 
lianeter  of  nhe  steel  ball. 

(5)  The  surface  area  of  spaciinens  should  be  polished  s-ioothly,  so  that  cl^e 
pressure  so-,r  '.srj  leave  sufficient  clearity  around  the  edges  vo  insure  the 
accuracy  in  calculating  the  dia.TLeter  of  the  pressure  soar. 


Hardness  Testir.s  Haohine 


load  evenly  and  'under  a stable  conditienj  and  should  also  be  able  to  aaintain  the 
additional  load  vithout  change  in  the  required  tiae;  the  r.if Terence  in  inclina- 
tion should  not  exceed  O.2/IIO  -■hen  action  is  vertically  applied  -c-o  thxe  surface; 
alio //able  error  of  the  load  should  not  exceed  il'*^. 

The  steel  ball  for  hardness  testing  should  be  made  of  quenohi'.sg  hard  steel  v/ith 
its  hardness  not  less  than  Tiohers  hardness  valu-e  W„850,  Tho  saocthneco  of  the 
steel  ball  surface  should  not  be  less  that'^]_2»  surface  defects  should  be 

observed  -under  the  microscope  -//ith  0 magnitude  of  5. 

The  diameter  and  allov/able  tolerance  of  mhe  stall  ball  should  be  in  accordance 
-.vith  Table  2.7.3  belo'//: 


Table  2,7.3 


Diameter  of  Steel  Ball  (.-mn) 

j luaximum  allov/able  tolerance  (rm) 

2.5  1 

± 0.00s 

$.0  " 1 

±0.003 

10.0  1 

±0.010 

t 
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ILardness  Tests 

2.7, The  Brlnell  hardness  test  sho'-ild  te  carried  o.;t  at  temper'.;'.ture3  of 
Q 0 

20  0 - 1j  C.  Oi-ir  .ns  testing,  the  dianeter,  the  size  of  the  load,  and  t;ie  load 
r.iaintai  :i::s  tine  of  t':e  steel  ball  sho.ild  be  selected  acoordini  to  the  oredicoed 
hardness  and  thickness  of  th.e  specimens  as  sho’.m  in  Table  2.7.1  belo'.v: 

Oaring  testing,  the  distance  bet'veen  the  pressure  scar  central  distance  and  the 
edges  should  not  be  less  than  2.5  times  the  diameter  of  the  pressure  scar; 
adjacent  scar  central  distance  should  not  be  less  than  4 times  the  diameter  of 
the  pressure  scar. 


Table 


A^ge  of 
rt)e  *3rinell 

ha?^ness  v. 

1 Thickness 

1 of 

’ s?eci-7-e-i? 

1 Aalationshi 

idi.Tmeter  D 

^Steel  Ball 
tJiameter 

i Load  ? 

1 ■ (!cs) 

Loan  main- 
taining 
time  ( sec . 

, 

6~3  ■ 

1 OX 

j ball 

10.0 

[ 3000 

; uo-'450 

; .4—2 

1.  J = 30D‘  j 

.5.0 

1 250. 

10 

' <2 

2.3 

187.5 

u ai- — — — 

■ ' >6 

10.0  1 

1000 

i 

<uo 

6^3 

P=  lOD* 

5.0 

250 

1 

<3 

2.S 

82.5 

1 

■ "'I 

10.0 

3000 

! >:3o 

4—2 

P-30D' 

5.0 

750 

30 

1 <2 

2.3 

187.5 

( 

i 9~3 

10.0  i 

1000 

g M-I3» 

6—3 

P=  IOD‘ 

5.0  i 

250 

30 

1 <8 

1 

t 2-5  1 

62.5 

1 

1 >6 

10.0 

250 

■2  ! *''3» 

6~3 

P = 2.5D‘ 

3.0 

62.5 

60 

i 

< 3 

2.5 

15.6 

2.7.5  The  size  of  the  diameter  d of  the  pressure  scar  should  be  v.'ithin  the  range 

belov/,  after  the  test  had  been  conducted: 

0.250  < <^  < 0.60 

'In  the  formula:  D Diamter  of  the  steel  ball,  mra. 

If  the  above  mentioned  conditions  are  not  met,  then  the  tests  are  not  affective. 
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vihen.  hardness  test  using  steel  balls  -.vith 'a  dianeter  of  10  an  or  5 mm,  the 
calculation  accuracy  of  the  pressure  scar  diameter  should  be  -.vithin  0.03  nun; 
if  2.5  mm  steel  halls  are  used,  the  accuracy  should  reach  0.01  mm, 

2.7.6  The  hardness  value  of  metals  may  be  obtained  according  to  the  equation 
indicated  in  2.7.1,  according  to  the  diameter  of  the  pressure  soar,  the  siie  of 
the  load,  and  the  diameter  of  the  steel  tall,  such  as  follows: 

EB^'lOO,  changing  into  an  integral  number; 

HBnlO' — 100,  select  the  first  unit  of  the  decimal  figures 
H3<10,  select  the  second  unit  of  the  decLmel  figures 

Section  8 Testing  of  Tensile  Strength  and  Sending 
Resistance  of  Oray  Iron  Oastings 

2.8.1  Tensile  tests  for  gray  iron  castings  are  carried  out  to  determine  the 

te  sile  strength  of  gray  iron  oastings  under  ambient  temperatures,  the  value  Oj 
and  to  observe  fracture  conditions:  p 

kg/mm’ 

In  the  formula:  — --naxlmimi  tensile  load,  kg; 

F— -miniun  cutting  area  of  horizontal  parts  of  the  specimens 
before  the  test  is  conducted,  mn^. 

Tension  Specimens 

2.8.2  Diagram,  polishing  smoothness,  and  dimensions  of  tension  specimens  should 
be  in  acoordanoo  with  the  requirements  specified  in  Figure  2.8.2  and  Table  2.8.2. 


t 
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Tension  Tests 


2«3a3  Tension  test  nay  be  carried  out  v;ith  any  tension  testing  nachines*  no.’/ever, 
the  fixtures  of  the  testing  machine  must  insure  their  ability  to  maintain  a 
center  of  sininetry;  the  loading  accuracy  of  the  testing  machine  must  be  v/ithin 
I'i  of  its  indicated  value. 

Bend  Resistance  Tests 

2. £.4  Bend  resistance  test  oi”  gray  iron  castings  is  to  detei-m.ine  the  degree  of 
bend  resistance  under  ambient  temperatures  and  under  static  conditions: 

— o,  = K .P  kg/mm*  - 

In  the  formula:  ? load  of  specimen  during  fracture,  kgj 

a I 

X constant,  K = — » 

1 central  distance  of  bearing  roller,  mm 

d diameter  of  specimen,  mm. 

Bend  Resistance  Specimens 
2.8.5 

(1)  Bend  resistance  specimens  should  be  selected  by  the  baked,  vertical  sintering 
method. 

(2)  Band  resistance  specimens  normally  use  blank  specimens;  if  special  require- 
ments exist,  machining  specimens  may  be  used. 

(3)  Allo'.Table  tolerances  of  the  shortest  length  and  diameter  of  specimens  should 
be  in  accordance  -.vith  the  requirements  specified  in  Table  2.8.5  (3)  belov/: 


/ • 

• 

Table  2.8.S(3) 

Diame  ber  of 

i ’.liar.eter  allo'-rable  tolora.ico3 

Shortest  length 

soeoiaens  ^ 

‘ Cm) 

1 Blank  sceoluens 

i-aohiaiag  spec  Inc 

(rm) 

13 

! ±1.0 

±0.1 

160 

20 

1 *1.0 

±0.2 

340 

30 

±1.0 

±0.2 

340 

4S 

1 ±1.4  . 

1 

±0.2 

■ 

300 

60 
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(4)  surface  of  the  blank  specimens  should  be  smooth,  straight,  and  should 
not  have  air  holes  or  other  defects.  Uhe  smoothness  of  the  machining  specimens 
should  not  be  less  than^  5,  its  surface  should  not  have  any  cutting  scars. 

(5)  The  maximum  and  minim’un  diameter  difference  of  the  sa'.o  surface  of  the  blank 
specimens  should  not  be  greater  than  SJo  of  the  value  of  the  mini;:'um  diameter; 
Othenvide  their  bend  resistance  strength  should  be  calculated  according  to  the 
real  ellipse  sectional  constant.  ?or  this  type  of  bend  resistance  test  of 
specimens,  it  should  be  conducted  according  to  the  specimen's  minimum 
diameter's  direction  for  loading. 

K 

Ellipse  sectional  and  revised  constant^y^sUo aid  be  calculated  according  to  the 

equation  belov^:  ^ 

K s-jj- 

In  the  equation:  a diameter  of  specimen  at  the  point  v.-here  fracture 

occurs,  mm; 

b diameter  of  specimen  at  the  point  where  fracture 

occurs  at  the  same  direction,  sm; 
d nominal  diameter  of  specimen,  mm. 

Bend  Resistance  Tests 

2.8.6  Installation  for  bend  resistance  test  should  be  according  to  i;'igure 

2.6.6  below: 
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(1)  Bend  resistance  testing  machine  should  be  able  to  regulate  its  speed,  and  able 
to  main::ain  ics  loading  error  v/ithin  ifo. 

(2)  The  radius  of  bearing  roller  ar.d  the  si;s  of  the  radius  of  the  reciprocal 
head  H of  the  testing  machine  are  specified  as  folio-, vs: 

•Then  diameter  of  spectnen  is 

, „ . <r>30mnj  , R=(15' — 25)™“. 

.Vhen  diameter  of  soecxmen  is  ^ 


2.8.7  .•<equireaients  of  bend  resistance  tests 

(1)  Testing  requirements  and  reading  accuracy  should  be  in  accordance  -.vith  Table 

2.8.7  below: 


Table  2.8.7 


Diometar  of 
soectpiens  d 

Central  ^filst.  i 
Tance  01  oear-! 
‘ing,  roller  I 

f 1 ( ) I 

i Reading  accuracy 
Jifmeter  (nTmJ-^ad 

(kg) 

j Initial  load 
i (ks) 

13 

1 130 

i 0.\.  i 1 

& 

1 

; 6—10 

20 

! 200 

0.1 

10 

j 20~30 

30 

1 300 

0.1  , ,,  1 

20  . 

i 30~50 

1 

35 

1 450 

0.2 

50 

i 30~50 

i 

(2)  Specimens  placed  at  the  central  portion  of  the  bearing  roller  should  maintain 
balance.  The  longitudinal  axis  of  the  roller  should  be  vertical  -/dth  the  center 
line  of  the  specimens, 

(i)  The  time  t starting  from  the  initial  loading  to  the  fracture  point  of  each 
specimen  should  be  in  accordance  with  the  size  of  the  diamecer  d of  the  soeclmens, 
as  indicated  balo-w: 

‘i^20nini,  <>20  second; 

<>30  second; 

^“45®ni,  <>45  seoondi 
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Section  9 Analysis  and  Flaw  Detection 


2.9.1  Analysis  is  the  process  through  which  chemical,  low-mul uiple,  microscopic, 
and  nondamagiiig  flaw  detection  meohod  to  determine  the  elements  of  metals  or 

the  defects  of  their  composition. 

Chemical  Analysis 

2.9.2  Chemical  analysis  is  the  use  of  suitable  methods  to  determine  the  chemical 
comoosition  of  the  materials.  Testing  departments  should  insure  the  reliability 
aind  accuracy  of  their  analyses. 

Low-multiple  3xamination 

2.9.3  Low-multiple  examination  uses  the  naked  e^e  or  low  multiple  (under  5 trees) 
magnifying  glasses  to  examine  the  defects  (shrinking  holes,  air  holes,  cracks,  -white 
spots,  etc.)  and  to  determine  the  heterogeneity  of  physios-  and  chemistry. 

(1)  Vulcanizing  seal  examination,  is  the  process  of  examining  sulfuric  segregation. 

(2)  Acid  absorption  method  is  the  process  used  to  examine  the  heterogeneity  of 
carbon  steel  crystals,  cracks,  shrinking  holes,  and  other  defects.  After 
polishing, the  speernens  are  then  soaked  in  a solution  of  lO'a  ni'oric  acid  for 

3 to  5 minutes  and  then  cleaned  and  dried.  .At  this  time,  defects  can  be  seen 
of  the  polished  material. 

(3)  An  absorption  method  using  hydrochloric  acid  may  be  utilized  to  exa-aine 
the  above  mentioned  defects  and  white  spots  of  alloy  steals, 
llicroscopio  Analysis 

2.9.4  The  microscopic  analysis  is  a process  using  microscopes  to  study  in  de-sail 
the  composition  and  impurities  of  the  materials.  The  polished  specimen  is  first 

soaked  in  the  solution  and  magnified  1 )0  times  under  a microscooe,  and,  in  • 

accordance  -.-fith  photos  as  national  standards,  tie  specioen  is  tl.en  determined  | 

and  compared  of  its  grade  level. 
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(l)  Crystal  .grains  of  ste-ol.  A photo  is  taken  under  the  nicroscope  and 
coraoare  '.vith  national  standard  photos.  Those  that  fall  vdthin  1 to  4 grads  are 
ooarse  grain;  those  that  are  in  grads  5 to  S are  of  fine  grain. 

(.2)  Various  non-netal  impurities  (oxiiized  iiopurities,  etc,),  except  of  the 
carbon  verities,  Qan  be  observed  un.ier  a microscope.  These  Impurities  can  be 
classified  into  grades  according  to  national  standard  photogra  hs. 

llon-destructiva  Flaw  Detection 

2.9.5  The  objective  of  non-destructive  flaw  detection  is  to  exanine  internal 
cracks,  shrinking  holes,  slags,  air  holes  and  other  defects  of  steel  materials 
(such  '3  i ortant  ihrgings  and  parts)  through  the  use  of  x-r  .i.ys,  gama  rays, 
magnetic  powder  examination,  I’i-iine sconce  oxaoiination,  and  ulnrasonio  ■■,'c.ve 
examinatior.,  to  determine  the  quality  of  manufactured  steel  products. 
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3haot:-r  " ’ ' tolled  Steel  and  llivets  for  Hull  Structure 
Section  1 General  Hales 


3.1.1  Steel  plates,  flat  steels,  mold  steals  and  other  stell  materials  for 
s’rie  hull  structure  should  he  of  carbon  steel  and  ordinary  lov.-alloy 
steels • 

3.1.2  Steels  should  be  melted  in  el^trio  furnaces,  open-h..  *h  or  pure  oxygen 
top-blowing  Totaling  furnaces;  steel  may  also  be  melted  with  other 
methods  with  the  agreements  of  the  Ship  Inspection  Bureau. 

-•  3.1.3  Product  quality  classification  should  meet  national  standards  or 

meohandise  technical  requirements.  Permissible  reduction  of 
difference  thickness  of  steel  plates,  flat  steels,  and  mold  steels 
should  be  in  accordance  v;ith  the  requirements  specified  in  Table  3.1.3. 


Table  3.1.3 

Plate  Thickness  t (mm) 

Permissable  Heduction  Tolerances  in 
! • ihiokness 

»<is' 

• <0.4o»"n 

t • IS~« 

_.;<{e.l  + 0.02  t )mm 

t>45  - 

3.1.4  Steel  materals  are  to  be  subdividied  in  lots  including  materials  from 
same  heat,  same  requirements,  same  rolling  system,  and  same  heat  treat- 
ment, The  materials  in  each  lot  are  not  to  be  more  than  10  mm  in  thick- 
ness and  are  not  be  be  more  than  30  tons  in  weight;  steel  plates  -with  a 
thickness  equal  to  or  less  than  10  mm,  each  lot  should  not  be  greater 
than  20  tons  in  -weight.  Flat  steels  and  mold  steels  measuring  one  meter 
long  and  weighting  greater  than  20  leg,  each  lot  should  not  exceed  40  tons 
in  weight;  Flat  steels  and  mold  steels  measuring  one  meter  long  and  'weigh- 
ting loss  than  20  kg,  each  lot  should  not  be  greater  then  30  tons  in  'weight. 
Steels  produced  from  the  oxygen  top-blowing  rotating  furnace,  each  lot  may 
be  composed  of  different  heat.  Hov.-ever,  the  difference  in  carbon  contents 
of  the  furnace  should  not  be  greater  than  0,03  .-;  in  manganese  content  not 
to  exceed  0.15'o  and  each  lot  not  to  exceed  four  furnace  numbers.  The  vreig- 
ht  of  each  lot  should  be  the  same  as  above. 

3.1.5  Number  of  steel  specimens  are  selected  as  follows: 

_(l)  Chemical  composition — one  specimen  from  each  heat. 

• (2)  Tensile,  cold  bending  (standard  specimen  or  v/ide  specimen)  and  fracture  speci- 
men, one  specimen  each  for  tensile  test,  cold  bonding,  and  fracture,  from  each 
catch  of  steel  plates  and  mold  steels  at  random. 

(3)  Impact  Speernens,  three  selected  from  each  lot  of  steel  plates  (or  mold  steel). 


65 


3.1.6  Cutting  Direction  of  Specimens  from  Steel 

(1)  Tensile,  cold  bending  and  fracture  specimens  should  be: 

Steel  plates — specimens  and  rolling  direction  should  be  verticls  (transTsse). 

Mold  steels — specimens  and  rolling  direction  should  be  horizontal  (longitudinal). 

(2)  Impact  specimens  should  be: 

U-notch  specimens  — specimens  and  rolling  direction  s''-.ould  be  vert.cle  (transverse) . 

V-notch  specimens — specimens  and  rolling  direction  should  be  horizontal  (longitudinal). 

3.1.7  Ship  hull  structure  steels  should  have  homogeneous  quality;  should  not  be 
laminated  or  1„^  :red;  should  not  have  cracts,  apparent  ovorlacs  or  non-mstalic 
impurities  and  other  defects. 

General  inspection  for  surface  quality  of  steel  structure  must  bo  carried 
out.  Steel  plates  should  be  examined  one  by  one.  For  mold  steels,  plate 
steels,  rolled  steels  and  rivets,  five  specimens  should  be  selected  from 
each  lot.  They  should  not  contain  any  air  holes  that  could  be  seen  vdth 
the  naked  eye;  scars,  cracks,  or  any  oxisied  iron  scraps  that  had  been  folded 
or  compressed  into  and  other  defects  chat  might  affect  their  strength. 

Section  2 Carbon  Steel  for  Hull  Structure 


Testing  Items 

3.2.1  Testing  items  for  carbon  steels  for  hull  structure  (steel  plates,  flat  steels, 
mold  steels)  should  be  in  accordance  vath  requirements  soecified  in  Table 

3.2.1. 

Carbon  Steel  Testing  Icems  Table  3,2.1 


Grade  j - (jj-ade  I 
Steel 


CO  -P- 
O M 
5-« 


Grade  II 


Grade  III 


Grade  IV 


J 1 


2.12*«».  i' 


Slqulval^nt- 

steel 


2.a*aas!  • 


2 C 


3 C 


4 C 


s c 


Chemical  composition 
Tensile  tests 
Gold  bending  tests 
(standard  specimens) 
Cold  bending  test 
(wide  specimens) 


^ Low^teraperature  impact 
^ Low-temperature  impact  (specimens 
from  each  plate) 

Fracture  area  fibrous  structure 
examination 

^ Austenite  grain  size  examination 
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Chemical  Composition. 

3.2.2  Chemical  oompostion  of  carbon  steel  for  hull  structure  should  be  in 
accordance  v.-ith  tha  requirements  specified  in  Table  3.2.2. 


Chemical  Composition  of  Carbon 

Steels 

Orade  of 

Ch 

emical  Composition  (',/' 

btsels 

as  c 

S Mn  ^ Si 

» s 

i a p 

I 

<0.22 

0.13— -r.a  <>.12~0.33 

0.05 

0.0/3 

3 

<0.22 

C.12--0.35 

0.05 

0.043 

H 

<0.20 

0.3~J.l  0.12~0.35 

0.05 

0.045 

ir 

• 

<0.18 

O.J— 1.1  0.12—0.35 

0.03 

! 0.045 

Mechanical  Properties 

3.2.3  Mechanical  properties  of  tensile  and  cold  bending  tests  of  various  carbon 
steel  plates  (-.vith  thickness  greater  than  4 mm)  and  .mold  steels  for  hull 
structure  should  comply  ’.vith  the  requirements  given  in  Table  3.2.3. 


Mechanical  Properties  of  Carbon  Steels  Table  3.2.5 


"rade  of|  osriysh  i 

Steels  ' 1 

*1  ^ * cl 

(kg/mua’), 

ilor.  ration  1 
: rase  1 

(%>  \ 

S,sar.uurd  cola 
oer.g.in^ 

d s 2a 

SSMing 

d=:3a 

I 

3 1 i 

1 42~52  ; 

/3  : - i 

: 1 

1 

>23  } 

j 

1 

1 

180*  I 

^ a ' 

120’ 

^ a 

a ; 1 

1 

i 

1 

i 

Note:  (1) 

For  steel 

plates  '.vith  a 

thioloiess  ^ 8 

mm,  'whenever 

the  plate  thickness  decreases  1mm,  e Ion  ration  rate  may 
be  decreased  I’o  (absolute  value).  For  steel  plates  v/ith 
a thicl-mess  i 20  mm,  whenever  the  plate  thioknoss  increases 
1 mm,  the  elongation  rate  may  be  decreased  by  0.251  (absolute 
value);  hov/ever,  v/hen  plate  thickness  is  — 52  mm,  the  total 
decrease  should  not  more  than  2%',  ’.vhen  plate  thickness  is 
greater  than  32  mm,  the  total  decrease  should  not  exceed  5 i. 

(2)  For  steel  plates  v/ith  a thickness  gre-ator  than  30  mm, 

■she  -.vide  cold  bending  test  is  not  necessary;  she  standard 
cold  bending  test  should  do. 


•Lo-.v- temperature  Impact 

3'. 2. 4 Lo’,v-temperat’are  impact  tests  for  grade  II,  III,  and  17  steels  should  be 
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carried  out  bv  using  U-notch  and  V-notch  specimens.  Their  technical  specifications 
should  comply  vrith  the  requirements  given  in  Table  3,2.4. 


- 

Table  3 

.2.4 

0 

Grade  of  Steels 

PA-  0 

n - = 

£ 

i 

17 

P.,  Temper aturte  i-"?^ct  ^ 

.IrnoactT 

“V 

Tmess^ 

; Temp. 

1 r?u.' 

‘ * n933 

noT;ch  -20^ 

^ ?tg-in 

^ Lg-UI 

' -40"C 

1 

>3  - -40-C 

^ ® csa* 

==  = cm* 

V-  . . 

not  oh  - 

! ^2.8k«-m  ' ax: 

I - 

St  4.8  t-j-m 

j - I0*G 

; 5:6.2)‘g-'*' 

Notes  (1) 

The  indioated  value 

sho-'.n  in  the 

table  equals  to  the 

average  value  of  the  3 specimens, 

(2)  i'/hen  using  the  U-notch  type  specimens,  onl^  one  of  the 
three  specimens  is  allov.-ed  to  have  a value  lov/er  than  the 
indicated  values  shov/n  in  the  table. 

(3)  ('/hen  using  the  V-notch  type  specimens,  if  the  average 
value  of  the  three  specimens  is  lov;er  than  rhe  indicated 
values,  but  not  much  lower  than  60'=,  three  additional  specimens 
selected  from  the  same  plate  are  allov;sd  for  impact  retesting; 
the  average  value  of  the  six  specimens  should  satisfy  the 
requirements  of  the  indicated  values  specified  in  the  table. 


Fracture  Inspection 

3.2.5  Fracture  inspection  are  required  for  Grade  III  and  IV  carbon  steels.  Vfidth 
of  specimens  is  60  mm,  length  300  mm,  '.vith  a thickness  equal  to  the  thickness 
of  the  plate;  the  groove  of  the  fracture  is  I/3  of  the  width  of  the  specimen 
which  is  cut  off  using  the  drop  hammering  method.  The  cutting  surface  of  the 
specimen  must  have  at  least  30'i  of  the  fibrous  structure;  if  the  cuttins 
surface  has  cracking  evidence,  an  additional  step  must  be  taken  to  invesci-ate 
by  ramming  to  ascertain  that  the  specimen  does  not  have  any  laminations, 
impurities  or  other  defects. 

Austenite  Grain  Size  2xamirn.tion 

3.2.6  Austenite  grain  size  examination  are  required  for  grade  III  and  IV  steels, 
with  their  grain  size  not  lower  them  size  5.  If  the  steels  are  deoxizied 
•with  aluminum  or  titanium  and  that  the  grain  size  is  assured  to  be  greater 
than  size  5,  examination  may  be  omitted,  -/dth  the  consent  of  the  Sliip 

^ ■ Inspection  Bureau. 

Structural  Positions  and  Grades  of  Steel 

3.2.7  The  grade  specifications  of  carbon  steel  for  hull  structure  are  as  follo'.vs: 

(1)  For  sheer  strakes,  strength  deck  side  plates,  and  hatch  opening  corner  ulatos, 
when  the  plate  thickness  is  12-^18  mm,  grade  II  steel  should  be  used;  -vhen 
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';he  plcte  thickaess  is  19^2.5  r'.’ji,  grade  III  steel  should  be, used;  and  v/hen  the 
olate  thickness  is  greater  than  25  m,  grade  VI  steel  should  be  used. 

(2)  .''or  strength  decks,  shell  plates,  v/hen  the  plate  thickness  is  13'~25  .up.,  grads 
II  stssl  should  be  used;  v/hen  the  plate  thickness  is  greater  uhan  25  rra,  gr.ade  III 
steel  should  be  used. 

(3)  ?or  upper  and  lower  strakss  of  no-nkor  longitudinal  bulkheads,  v.’iven  the  plate 
ohickness  e.xceeds  18  nra,  grade  II  s ;eol  should  be  used. 

(4)  For  nasus  and  king  posts  as  v/ell  as  the  attached  nast  shoulders  and  brackets, 
if  the  plate  thickness  exceeds  20  rm,  grade  III  steel  should  be  used. 

(5)  For  hull  structures  of  ships  sailing  in  ice  areas  or  ships  operating  for  a 
long  period  in  areas  v/ith  a tenp:rature  ''f  — 10*  Z,  grade  II  steel  should  be  used. 

For  strength  decks  and  shell  plates,  grade  III  steel  .nay  be  used  .vith  the  approval 
of  the  Ship  Inspection  Bureau. 

For  hull  struct'ures  of  ships  operating  for  a long  period  in  areas  v/ith  a temperature 
of— 20®  C or  belov/,  grade  II  steel  sho  ild  be  used.  For  strength  decks  and  shell 
plates  and  other  structures,  grade  IV  steel  should  be  used,  v/ith  the  consent  of  the 
Ship  Inspection  Bureau, 

(6)  In  addition  to  the  above  described  requirements,  other  hull  structures  m’iy 
use  grade  I steel;  designers  may  use  grade  II  and  III  steel  according  to  structural 
positions . 


Section  III  Low  Alloy  Steel  for  Hull  Structure 


Testing  Items 


3.3.1  Low  alloy  steels  for  ships  (steel  plates  and  mold  steels)  are  classified 
into  two  different  types.  3ach  type  is  classified  into  grade  I,  III  and  IV 
according  to  hull  structural  positions;  their  testing  items  should  comply  v/ith 
the  requirements  specified  in  Table  3.3.1. 


Table  3.3.1 


Grade  of 
Steel 

Grade  I 

Grade  III 

Grade  IV 

Testing 

Items 

tj) 

(g»&12intnSg 

s.KmsaSRjfaasticP 

4.(saff*  i(7'. 

Cl'.emioal  composition 
Tensile  tests 
Cold  bending  tests 
(standard  specimens) 

Cold  bending  tests 
_ (wide  soeoimens) 

Low-temperature  Impact 

(plates  with  a thickness 
212  mm) 


Low-temperature  impact 
Low-temperature  i/npaot  (each  steel 

plate) 

Fracture  area  fibrous  str-uoture 
examination 

Austenine  grain  size  examination 
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Ghemioal  Goapositiori 

3.3.2  All  low-alloy  steal  for  ships  should  be  killed  steal, v/ith  their  oheTnical 
composition  that  comply  v/ith  the  requirements  given  in  Table  3.3.2.  If  other 
low-alloy  steel  of  different  composition  are  selected  for  use,  they  should  be 
assured  to  contain  good  weldability  and  with  the  approval  of  the  Ship  Inspection 
Bureau. 


Chemical  Composition  of  Low-alloy  Steel  Table  3.5.2 


Steel 

1 

. Slqui  valent 

Ghemic 

al  Composition 

,9 

Group 

' Steel  ! 
, Grout) 

a c 1 

a -'‘n 

e Si  1 

SE  S 

1 « P 1 ti  Ti 

Group  I 

16Mn 

j 0.12—0.2  1 

1.2'-!. 6 

0.2— 6.6  ^ 

<0.013  j 

) 

<0.015  j — 

Group  II 

i ISMn  Ti 

j 0.12—0.18  j 

0.2— 0.6  I 

<0.015 

<0.045  ! 0.12—0.2 

1.-  ' 1 

Notes  Copper  remainder  amount  in  steal  should  not  exceed  0.35!t. 


lleohanioal  Properties 

3.3.3  Tensile  tests  and  cold  bending  tests  for  steel  plates  of  low-alloy  steel 
for  ships  (thickness  greater  than  4 mm)  should  meet  the  requirements  specified  in 
Table  3.3.3. 


Table  3.3.3 


Tension  and  Cold 

Bendina; 

Prooertiss  of  Lov/-Alloy  Steel 

steel  : 
Group  : 

Thickness 

(mm) 

i ifrlp^glh  1 ^oik% 

1 (Itg/inm*)  <kg/nini=) 

1 not  ..sss  than 

r,^on|anion 

5,  ; 

. , 19S3 

than  then  r 

csfrissads 

B«2a 

dtt3a  ! d = 3a 

J 

<16 

! 52  • ' 

35 

• 21  ; 

Groupi 

17—23 

i 50 

. 33 

19  1 

i 

I J 

26—36 

46 

31 

13  I 

Bendover  ! Bendover 

37—50 

i 

29  . 

19 

180  120 

<25 

! 54 

s 40 

19  1 

not  crack-:  not  crack- 

Group! 

i . . ■! 

- - 1 

ing  : ing 

II  1 

26—40 

52  ; 

38 

19  - 

Note;  (l)  Yield  point  of  low-alloy  steel  generally  should  not 
exceed  cO'J  of  the  tensile  strength. 

(2)  Those  with  thickness  greater  than  30  mm,  v/ide  cold 
bending  tests  may  be  ommitted. 
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Low- temperature  Impact 

3.3.4  Low- temperature  impact  toughness  of  low-alloy  steel  should  meet  the 

requirements  specified  in  Table  3.3.4. 


Table  3.3.4 


Steel 


Type  of 
Sceoimens 


Grad©  of  Steel 


•m 


]? 


. Temp. 

Impacc  ■ 
„ * 

Temp._ 

.j  Impact  1 

Temp. 

r^pact 

1 ‘Ofc 

1 

1 -2<rc 

1 iuUfLiiiies 

i ^3.0  1 

3 

-<0*c 

X o 

i 

,1 

; Toughnes 

j >1.6 

1 V(kg-in) 

^ 1 

0^  1 

">2.8  • 

" 0*0 

i >S.4  i 

. ( 

-io*c  1 

i 

>6.9 

Group  II 

-ire  j 

' >3.0  1 

-4(rc 

i i 

-'40x: 

1 

>6.0 

V(kg-in)  1 

O-C  1 

>2.8 

0*0 

' >5.8  j 

-10*0 

i 

>7.4 

i 

llote:  (l)  The  indicated  value  shown  in  the  table  equal  to  the 
average  value  of  the  3 specimens. 

(2)  '.Tnen  using  the  U-notoh  type  specimens,  only  one  of 
the  three  specimens  is  allowed  to  have  a value  lower  than 
the  indicated  values  5ho^vn  in  the  table,  but  should  not 

be  lower  than  8055  of  the  indicated  value  shovjn  in  the  table, 

(3)  I'/hen  using  the  V-notoh  tj’pe  specimens,  if  the  average 
value  of  the  three  specimens  is  lower  than  the  indicated 
values,  but  not  much  lower  than  85’{,  three  additio^'al 
specimens  selected  from  the  same  plate  are  allowed  for 
impact  retesting;  the  average  value  of  the  six  sceoimens 
should  satisfy  the  requirements  of  the  indicated' values 
specified  in  the  tabic. 

fracture  Area  Inspection,  Austenite  Grain  Size  Sxeimination 

3.3.5  Technical  requirements  for  low-alloy  steel  fracture  area  inscection  and 
austenite  grain  size  examination  are  the  same  as  those  of  carbon  ste'el;  see 
specifications  given  in  3.2.5  and  3.2.6. 


Structural  Positions  and  Grades  of  Steel 


3.3.6 


Grade  specifications  of  low-alloy  steel  for  hull  structure  are  as  follows: 

. (l)  For  sheer  strakes,  strength  deck  side  plates,  and  hitch  ocening  corner  olates 

used— thickness  is  17-^25  mm,  grade'  III  steel  should  be 
ised,  when  the  plate  thickness  is  greater  than  25  mm,  grade  IV  steel  should  be  used 
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(2)  ?or  strength  decks  and  shell  plates,  -.vhen  the  plate  thickness  exceeds 
22  mm,  grads  III  steel  should  be  used. 

(3)  For  masts,  king  posts  and  the  attached  mast  shoulders  and  brackets,  v;hen 
the  plate  thicloiess  is  greater  than  18  mm,  grade  III  steel  should  be  used. 

(4)  For  hull  structures  of  ships  sailing  in  the  ice  areas  or  ships  operating 
for  a long  period  of  time  in  waters  where  the  temperature  is  belov,-  -IJ  C, 
grade  III  steel  may  be  used  according  to  the  structural  positions,  v/ith 
the  approval  of  the  Ship  Inspection  Bureau. 

For  hull  structures  of  shies  operating  for  a long  period  of  time  in  waters 
where  the  temperature  is  belo-w  -20  C,  grade  III  steel  should  be  used;  for 
strength  decks  and  shell  plates  and  other  structures,  grade  r/  steel  may 
be  used,  v/ith  the  consent  of  the  Ship  Inspection  Bureau. 

(5)  In  addition  to  the  above  described  specifications,  other  hull  structures 
may  be  construcxed  .,ith  grade  1 steel;  ship  designers  may  also  use  grads 
III  steel  according  to  the  structural  positions. 


Section  4 kivet  Steel 
Chemical  Composition  and  Llechanical  Properties 

3.4.1  kivet  rolled  steels  for  hull  structures  must  be  of  killed  steels.  Their 
chemical  co?npositicn  and  meohanioal  properties  should  comply  .•dvh  the  requirements 
given  in  Table  3,4.1. 


Table  3.4.1, 


Type  of 
Steel 


Chemical  Composition 


Mechanical  Prooertiss 


Cu 


;Tensxie^,  . siongatioin,uiot^^ . 

I Strength;  | Upsetting 

Telt 


(kg/mm*) 


e, 


Carbon  Steel;  <0.05 


<0.045 


<0.25 


J 


■•^38 


>25 


Low-alloy 

Steel 


Squivlant  property  requirements  of  low-alloy- 
steel  for  use  in  hull  structures  , 


Note  i For  rolled  steels  of  the  low-alloy  gro-jp,  the  Ship  Inspection 

Bureau  may  request  a ISO*,  non-quenching  hardness  ber.dovsr  test, 

.(Umbar  of  Tests 


3.4.1  Innufactured  rivets  may  be  sorted  out  into  batches  (11 10  kg  as  one  batch) 
to  be  carried  out  for  sample  testing  for  external  inspection  and  m.easurement, 
using  of  each  batch  (but  should  not  be  fe-.Yer  than  25  rivets). 
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Chapter  IV  oteel  Cor  3oiler,  i'ressure  Vessels, 
and  Uechanioal  Structures 

Section  1 Boiler  Steel  Plates 

4.1.1  Steel  olates  for  raanafactare  of  boilers  nay  be  of  carbon  steel  and 
lov;-alloy  steel.  Steel  should  be  n.elted  in  oyer-hearth  or  electric  furnaces. 

All  steel  plates  intended  for  boilers  nust  be  normalized  afcer  rollinj. 

4.1.2  Soecifications  for  steel  plates  should  be  in  ccr.pliance  w-ith  national 
standards  or  vri.th  the  technical  requirements  specified  in  the  mechandise  invoice. 
Tolerences  in  the  thickness  of  the  steel  plates  should  be  in  accordance  -.vinh  nhe 
requirements  given  in  Table  4.1.2. 


Table  4,1.2 


Plata  Thickness  t (mm) 

Parmissable  Tolerances  in  Thickness 

■<  15 

j 

t = 16--45 

1 <<0.1  + 0.02  1 ) mm 

' > 45 

ITuaber  of  Tests 

4.1.3  3ach  batch  of  steal  plates  should  be  manufactured  from  the  same  heat, 
made  -.vith  the  same  rolling  system  vfith  the  same  specificaticn  end  subjected 

to  the  same  heat  treatment.  Those  vdth  a thickness  equal  to  or  less  than  20  mm, 
each  batch  should  not  vreigh  more  than  30  tons;  specimens  are  taken  from  any 
plate  -.vithin  each  batch.  Those  plates  vvith  a thickness  greater  than  20  mm  should 
be  examined  one  by  one,  taking  specimens  from  each  plate. 

Test  Specimens 

4.1.4  Gutcing  and  selection  of  specimens  of  boiler  steel  plates: 

(1)  One  set  of  standard  test  specimens  should  be  taken  as  follov.'s: 

1 tension  test  specimen;  1 bend  test  specimen; 

3 impact  toughness  specimens  (plates  vfith  a thickness  exceeding  12  mm  may  be  omitmed) ; 

2 deformation  time  specimens; 

1 fracture  area  structural  homogeneity  specimen  (plates  -ivith  a thickness  under 
20  mm  may  be  orar.iitted) . 

(2)  For  lo'v-alloy  steel  plates  used  for  pressure  vessel  parts  for  service  at 
elevated  temperature  equal  to  or  exceeding  350*0,  the  manufacturing  plant  must 
select  specimens  to  determine  that  the  materials  retaining  the  properties. 

(3)  The  selection  of  the  various  specimens  described  above  should  be  cut  from 
plates  transversely  to  the  direction  of  rolling. 

i 

t 

i 
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Defects 


4.1.5  Boiler  steel  plates  should  be  free  from  cracks,  line  slag  inclusions, 
laminations,  air  holes,  overlaps,  and  other  impurities;  other  surface  defects 
that  do  not  hinder  the  examination,  such  as  thin  oxi^ied  iron  slags,  rust,  and 
other  minute  fissure  are  allowed,  but  the  unsnoothness  caused  by  these  defects 
must  not  surpress  -she  allov/able  tolerences. 

Dhemical  Compost ion 

4.1.6  The  chemical  composition  of  boil  steel  plates  (according  to  the  furance 
in  selecting  the  specimens)  shall  comply  with  the  requirements  of  Table  4.1.6. 


Note:  (l)  Copper  remainder  in  steel  should  not  exceed  D.55'^.. 

(2)  For  retesting  in  chemical  composition,  tolerances  .mthin  the 
specified  requirements  in  the  above  table  are  permitted,  as 
lisdted  below:  , 

D . . . . • ^0  . 0 2 'o ; Lin  .....m.0.10'(i; 

Si JO. 05^;  V .il-O.Oal; 

A'lb  .....^0.02''9;  ^0.01  oJ 

Uo ±0.05-^. 


i 
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Mechsoiical  Properties 

4.1.7  iiechanioal  properties  of  boiler  steel  plates  should  conply  -.vith 
the  requirements  specified  in  Table  4.1.7. 


Table  4.1.7 


Steel 

Number 

Plate 

Thicknes 

(mm) 

Tens lie ■ 
btr^ngth 

.(kg/inm*)  1 

Yields 
a,  Pt. 

<l:g/mm*> 

iion.  gati 

s. 

°Siia^ct 

deformation 

a\  ( Cold  Sen 

(kg  - m/cm  = ) ■;  d = d ipjr.  i t 

not 

less  than 

20£ 

6~16 

■ 

25 

26 

1 

17~25 

- 

41  ! 

24 

25 

6.0 

3.5 

d s 2s 

26—38 

23 

24  - 

‘ 

37—60 

23 

23 

22g 

6-60 

43  ' 

27 

24 

3.0 

1 d = 2. 

I2Mng 

6—16 

45  i 

30 

1^ 

III 

3.0 

j d*-2a 

... 

17-25 

28 

d SB  3a 

ISMnj 

52  : 

35 

21 

d « 2a 

J 

17-25 

so  , 

33- 

19 

6.0 

3.0 

• d«  5a 

26-36  , 

, 

31  - 

19  ' 

^ . 

'■  37—60  ■ 

48'  •! 

29  - 

■:  19  ■ 

d > 3. 

ISMnVg 

6—16 

54 

40 

18  ■' 

■ " 

1 ■ 

17—25  ' 

- 52-  1 

48 

17  

6.0 

3.0 

! d s 3a 

26—36 

52 

36 

17 

37—60 

50 

34 

17 

ISMnMoNbg 

! 16-38 

65 

52 

37 

! 40-95 

65 

SO 

16 

7.0 

3.0 

d tt  3a 

j 100—115 

j 60"  ■ * 

45 

16 

14MnMoVg 

j 30-115 

65  ! 

so 

16 

1 : d,3a 

Note:  The  indicated  impact  value  at  ambient  temperature  and  deformation 
time  value  equals  the  average  value  of  the  three  specimens;  the 
value  of  one  of  the  three  specimens  having  a lower  value  than  the 
listed  values  in  the  table  above  is  as  follovfsi 

Impact  value  ueformation  time 

at  ambient  temperature. ...  j value, ...  o.s —r* 
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Fracture  Area  2xa-nination 

4.1.8  Scecinen  diraensions  and  documentation  for  homogeneity  examination  of 
iVacture  area  structural  testing  are  described  belov/: 

(1)  Soecinen  dimensions-- — For  plates  oO  mn  and  under  in  thic.cness,  ^ne  './idv-n 
Ox  the  specimen  should  be  ecunl  tvro  tines  the  thiC’Caess;  lor  places  over  30  :n.a 
in  thinl-mess,  the  -.vidth  of  specimen  should  be  equal  1.5  times  'he  thickness, 
Soecimens  are  obto.ined  from  one  side  along  the  direction  of  the  -..-idth  to  form 
an  angular  groove  tr-'nsverssly  v/ith  the  plate  surface;  th.e  groove  depth  should 
be  1/3  of  the  /ri-dth  of  the  specimen. 

(2)  Documentation  method dpecimexis  are  cut  off  using  che  drop  hamr.ering 

method.  Inspect  their  cutting  or  fractux'e  edge  (if  necessary,  use  a .magnifying 
glass  -and  enlarging  5 times;  : the  ..lec-al  composition  of  fracture  surface  of  the 
specimens  should  be  homogeneously  minute,  and  "vithout  air  holes,  cracks,  or  other 
impurities.  For  plates  under  33  mm  in  thicxness,  che  fracture  surface  naving  crao.c 
not  longer  than  20  r.im  are  permitted,  but  individual  cracks  should  not  be  exceeding 
10  mm;  for  pljtes  ’.vith  a thickness  greater  than  30  nm,  the  fracture  surface  having 
cracks  under  30  mm  are  allowed,  but  individual  cracks  should  not  be  any  longer 
than  15  .mm. 

High  Temperature  Froperties 

4.1.9  Snecimen.  dimensions  and  testing  method  for  high  temperature  properties  are 
as  follo'.vsi 

(1)  Specimens  for  tension  tests  at  high  temperature  are  the  same  as  those  tests 
at  ambierxt  te-iperature. 

(2)  During  testing,  specimen  temperature  is  detenained  according  to  technical 
requirements  concerned,  but  the  difference  in  te.mperature  should  not  be  exceeding 
5 G.  Testing  method  .'-ind  nunber  are  the  same  as  the  testing  memhod  for  specimens 
at  ambient  taupe rature. 

Fla-.v  Detection 

4.1.10  For  boiler  plates  exceeding  4^0  lam  in  thickness  made  of  low-alloy  steel 
containing  L!o,  ultrasonic  flaw  detection  should  be  carried  out  on  each  plate. 

Flaw  detection  techniques  should  be  approved  by  the  Ship  Inspection  Bureau, 

Parts  'vith  Lovf  Pressure  or  Low  Temperature 

4.1.11  Boiler  components  operating  at  low  pressure  u::  r 3 kg/otii^  and  at  working 
temperature  lower  than  250  G may  be  manufactured  with  Gxass  II  or  Class  III  steel 
plates.  '.Quality  standards  should  meet  the  requirements  specified  in  Section  1 and 
2,  Chapter  III,  of  this  Book. 
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Section  2 Boiler  Stay  Steels 


4.2.1  For  boiler  stays,  high  quality,  rolled  ca 
be  used;  their  chenical  coaposition  (according  to 
and  mechanical  orooerties  should  be  in  agreement 
Table  4.2.1  (a)'  and  Table  4.2.1  (b) . 


rbon  structural  steels 
furance  for  selecting 
v;ith  she  requirements  g 


should 
specimens) 
iven  in 


Table  4.2.1(a) 


Steel 
Number  • 

Chemical  Compos 

ition 

,0 

a c 

a Mn  I 

a 

» P j 

sS  s 

3 Cr 

; 1 

0.12—0.19  1 

0.35—0.65  1 

0.17~0.37  j 

<0.040 

<0.040  ! 

<0.25  j 

1 <0.23 

20 

1 

0.17—0.24 

0.35— 0.6S  j 

1 • > 

1 0.17~0.37  ! 

<0.040 

<0.040 

in 

o 

; <0.23 

Table  .4.2.1(b) 


Mechanical  Prooerties 

Steel 
* Number 

liieli 

1 

<7.  iSirIngnhj  <"0  ] 

*)  j (kgrmm*)  1 

iiloris-a'Cioa 

jonrxnia._.e  , 

IS 

1 23 

1 3S  1 

27 

55 

20  ■ • 

1 

i ■■  42 

i 

1 . 25 

55 

4.2.2  The  surface  of  steels  used  for  boiler  stays  should  not  contain  any  scars, 
overlaps,  slags,  cracks,  and  laminations  and  other  defects  which  might  impair 
their  strength. 


Section  3 Steels  for  Pressure  Vessels 

4.3.1  For  'welded  pressure  vessels,  boiler  steel  plates  listed  in  Table  4.1.6  of 
Section  1 of  this  chapter  may  be  used.  Steel  quality  standards  should  be  in  compliance 
•■•dth  the  requirements  specified  in  Section  1 of  this  chapter;  however,  deformation 
time  testing  should  not  be  carried  out. 

4.3.2  For  Class  III  pressure  vessels  (see  Book  II,  section  3,1.2),  Grade  II  steel 
plates  for  hull  structure  may  be  used;  quality  standards  should  meet  the  requirements 
given  in  Section  1 and  2,  Chapter  III,  of  this  book. 

4.3.3  For  seamless  steel  cylinders  and  drums,  chemical  composition  arid  mechanical 
properties  should  be  subject  to  approval  by  the  Ship  Inspection  Bureau. 


Section  4 Steels  for  llechanioal  Struct-ures 

4.4,1  Soiled  steels  for  'welded  structural  engine  supports,  engine  bases, 
cylinders^ speed  reduction  gear  boxes  and  other  Important  mechanical  parts  should 
be  manufactured  '/dth  killed  steels,  containing  not  more  than  0,24'5  carbon. 
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4.4,2  y.atorial  sel-30'Ciori.  and  t3stin2  r5:;ui."err.3nts  should  oom.ply  -.inh  ^hose 
doscribed  belov.-: 


(l)  jolecbion  of  .'n.at^ria.ls  and 
operating  at  tiaaparatura  above  d 
in  Section  1 oT  this  chanter. 


testing  recuiretr.ento  of 
50*3  should  ccnply  v-inh 


.nt  cc'.'.nonsnts 
uirino-nts  cceoifiad 


lhapter  7 Scad  Forgings 

Section  1 lenaral  -iules 


General  .43quir3!a3n.ts 

1.1.1  hajor  steel  forgings  for  ships  and  nac'-.in.ery  should  bo  fabricaned  ..'iah 
high  quality  carbon  steel  or  alloy  steel. 

5.1.2  Forging  ratios  of  forgings  should  coaply  v.-ith  specifications  listed  belo.': 

(l)  The  cross-sectional  area  of  the  main  body  of  the  'un-nachined,  ran  forging  ratio 
should  not  be  under  3;  1 of  the  area  of  nhe  ingot;  nhe  machined,  finished  forging 
ratio  should  no"  be  under  2.5;  1;  palms,  flanges  and  similar  enlar gor.-ents  on  the 

forging  should  not  be  under  1.5:  1. 


(2)  .ihen  she  forginges  are  .p.-ade  fro-i  the  steel  blan’.cs,  the  oross-seo tional  area 
of  the  main  body  of  the  finished  forging  should  not  be  less  than  1.5;  1;  flanges 
and  similar  enlargements  on  the  forging  should  non  be  under  1,':  1. 

5.1.3  3nds  of  forgings  should  not  'nave  any  piping  and  slac-cs;  their  surface  should 
not  contain  overlaps,  segregations,  crachs,  scars,  slags,  fla'.ces  ov-er’neatsd  evidences 
and  omher  defects,  .’..inor  defects  that  are  not  injurious  to  the  strength  of  she  finis'nsd 
forgings  are  allovred  to  exist. 

5.1.4  Structural  defects  steel  blanlcs  or  forgings  and  non-metal lie  inclusions  and 
other  defects  s'nould  comply  v/ith  the  requirements  specified  belov: 

(1)  During  examination,  crac’xs  that  con  be  seen  v;ith  the  naked  eye,  non-metallic 
impurities,  -.-.'hite  soots,  segregations,  overlaps,  shrinkage  holes  and  other  defects 
chat  can  not  be  eliminated  after  machihing  are  not  allo.ved. 
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(2)  Grades  of  structural  defects  s'nould  comol-'j'  ,'ri.th  m’r.e 
Table  5.1.4  (2)  : 


requirements  specified  in 

Table  5. 1.4(2) 


Type 

Type  of  Steels 

Steel 

tt  a m « a tt 

3.0  1 

Blanks 

4 ^ » tt 

Z.5 

Steel 

tt  m » It  St  tu 

3.0 

Forgir 

4 » tu  Wf 

2.5 

Hot  ^roater  than  (grads/ 

J.O  ; 3.0  ! 3.0  i 2.0 

1.5  2.5  , 2.5  1.5 

: 1 I _i. 

3.0  3.0  I 3.0  ! .:  / 

2.5  I , 2.5  ' 2.5  I / 


0 


0 

0 


(o)  specif ioations  and  grade  of  non-metallio  impurities  and  defects 
should  oonoly  ivith  reouirenieats  -:ivsn  in  Table  5.1.4  (3), 

. " Table  S. 1.4(5) 


Type 

« (t  « (t  Cjgi  w s 2:  SV0 

Type  of  Steels  ^ 

i'*ot  (greater  than 

Steel 

Blanlrs 

. tt  » « * a ft  . 3.0  ; . 3.0  . : 5.5 

^ ^ a ft  , 3.0  3.0  5.5 

Steel 

."^orgin-rs 

tt_  « « * a ft,  \ 3.0  .]  3.0  ; ,5.5 

a ft  i i 

Note!  (l)  If  the  steel  contains  an;'  nitride,  list;  it  as 
oxide  and  classify  it  accordinj;  t o cxide  grade. 

(2)  If  the  steel  contains  ejiy  sulshate,  list  it  as 
sulfide  and  classify  it  accordi-g  to  sulfide  grade. 


/'These  n'.rabers 


corresoondent  to  the  translation  in 


Z':io  taoi: 


Central  slac'.cs 
^ General  slacVcs 
W Square  segerations 
© Spot  segerations 
Air  bubles 
Jhite  spots 


J nigh- quality  carbon  structural  st-els 
Alloy  structural  steels 

Cxide  I 

Sul  fide  , 

Sijn  of  the  two 

1 


Test  Speol-nena 


5.1.5  Soecif ioations  for  the  nunber  and  selection  neth.od  of  testing  speclnens 

of  forgings  (excluding  engine  forgings)  are  as  follows: 


(1)  for  forgings  weighing  under  1000  kg,  if  several  of  then  fa;^ioated  from  the 
same  ingot  and  subject  to  heat  treatment  from  the  sane  heat,  l/€est  sample  may 
be  obtained. 

(2)  for  forgings  weighing  1300  to  3000  kg  not  more  than  3 m long,  l^-test  sample 
may  be  obtained  from  one  end  of  each  forging  (equivlant  to  upper  end  of  the  steel 
ingot) . 


(3)  For  forgings  weighing  lO'^.^to  3000  kg  and  longer  than  3 m,  and  for  forgings 
weighing  more  than  3000  kg,  detesting  specimen  may  be  obtained  from  each  of  the 
t;7o  ends  of  each  forging. 

(4)  One  set  o f specimen^  iuoludosil  tensile  specimen,  2 impact  specimens;  those 
forgings  that  are  required  to  have  a cold  bending  test  should  also  have  one  (1) 
bending  specimen. 
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5.1,6  Cutting  positions  of  forging  specimens  should  comply  v.dth  reouirements 
listed  below; 

(1)  Solid  round  specimens  should  be  out  l/3  radius  from  the  surface  (refers  to 
the  blank  radius  of  forgings) ; for  forgings  with  a diameter  equal  bo  or  under 
50  mm,  specimens  may  be  selected  from  the  center. 

(2)  Rectangular  solid  forgings  should  be  cut  l/S  from  the  line  angle. 

(3)  Tubular  forgings  should  be  out  l/2  from  the  wall  thickness. 

(4)  For  obtaining  specimen  positions  of  certain  type  of  special  forgings, 
requirements  may  be  specified  on  the  diagrams. 


Chemical  Composition  and  Mechanical  Pa'operties 


5.1.7  '.Vhen  using  high-ouality  carbon  steel  for  forgings,  the  grads  nu:.iber, 
chemical  composition  and  mechanical  properties  after  heat  treatment  should 
comply  vdth  the  requirements  specified  in  Table  5.1.7  (a),  and  (b). 


Table  5.1.7(a) 


6+-eel 

;unibor 

C 

(’/.) 

% 

Si 

(’/.) 

S 

Mn 

(«) 

« p 

BI  -sis  Cr 

ft  Ni 

jf 

'lot  to  exceed 

- IS- 

-0,12—0.19 

0.17—0.37  - - 

-<>.35—0.65 

0:040 

0.930  1 •"  0.25’  ■■ 

0.25  “ ' 

20 

0.17—0.23 

0,17—0.37 

0.3S— 0,65 

0.040 

0.030  j 0.25 

0.25 

. . 25 

. 0.22—0,30 

0,17—0.37 

— 0,50—0.80 

- -0,040 

0.030  ! 0.25 

0.25 

30 

0.27—0.35 

w. 17— 0.37 

0.50—0,80 

0.040 

0.030  1 0.25 

0.25 

35 

0.32—0.30 

0,17—0,37 

0.50—0.80 

0.040 

0.040  1 0.25 

0.25 

40 

0.37—0.45 

0.17—0.37 

0,50—0.80 

0.040 

0.040  0.25 

0.25 

45 

0.42—0.50 

0.17—0.37 

0.50—0.80 

0.040 

0.040  1 0.25 

0.25 

81 
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Table  S. 1.7(b) 


Steel 

Diameter  o^  Meohanioal 

Prone 

rties 

,Cold  Bendover 

Thicmeas 

' 

d-iianeter  o 
Dend 

Numbei 

<r. 

ate 

(kg/mm*)  (kg/mm* 

) 

<?-£) 

<%) 

(tg 

-m 

/cm') 

a r ■^'nicicness 

IS 

<100 

38 

20  ' 

1 

27 

55 

6. 

3 

101—300 

35 

17 

; 

23 

50 

6. 

0 

.... 

20 

<100 

44 

40 

22 

i 

1 

24 

$3 

5. 

s 

101—300 

20 

23 

SO 

5. 

0 

2S 

<100 

46 

25 

j 

22 

50 

5. 

3 

101—300 

43 

23 

> 

20 

48 

5. 

0 

<100 

50 

26 

1 

'i" 

19 

48 

5.0 

6.0* 

101—300 

_ 

23 

19 

46 

4.0 

5.0* 

<100 

54 

28 

i 

j 

18 

. 43 

4.5 

6.0* 

35 

101—300 

52 

27 

i 

i 

18 

40 

4.0 

5,0* 

d = 3a 

301—500 

. 48 

2S 

17 

35 

4.0 

s.o* 

aOl— 750 

<7 

25 

i 

17 

35 

3.5 

4,3* 

' 

<100 

ss 

30 

t 

f 

17 

40 

4.0 

5.0* 

40 

101—300 

54 

28 

i 

17 

36 

4.0  ■ 

S'.O* 

d = 3a 

301—500 

SO 

26 

* 

17 

35 

3.5 

4.5* 

SOI— 750 

48 

25 

1 

1 

17 

35 

3.0 

4.5* 

<100 

60 

32 

r 

13 

38 

4.0  ■ 

— 

5.0* 

4S 

101—300 

58 

30 

! 

J 

13 

35 

3.5 

4.5* 

d = 4a 

301—500 

54 

28  ' 

IS 

35 

3.5 

4.0* 

501—750 

50 

2S  - 

i 

34 

3.0 

4.0* 

!Iote i (l)  In  the  table  aboTe,  * indicates  the  requirements 
for  i-noaot  toughness  for  crankshafts, 
thrust  shafts,  intermediate  shafts,  bobbin  shafts, 
propeller  shafts,  crankshafts  of  compressors, 
rudder  shafts,  and  other  important  forgings. 

(2)  The  indicated  value  of  impact  toughness  equals 
the  average  value  of  the  tvro  specimens.  Lower  in- 
dicated value  for  oho  specimen  of  the  two  is  allowed,  but 
should  not  be  lower  than  75, i of  the  indicated  value. 

(3)  Cold  bendover  requirements  listed  in  the  table 
refers  to  those  requiring  cold  bendover  test  (according 
to  Table  5.3.1. 

5.1.8  If  alloy  steel  forgings  are  to  be  used,  steel  grade  number  and  mechanical 
properties  should  be  approved  by  the  Ship  Inspection  Bureau. 
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5.1.9  I'i'hen  testing  cutting  direction,  diametrial 
direction  of  forgings,  their  nechanical  properties 
requirements  specified  in  Table  5.1.9  according  to 
percentage. 


direction,  or  transverse 
should  comply  vz-ith  the 
the  longitudinal  reduction 


(Q  aiechanical  Properties  Diametrial  Direction  or  Transverse 

Specimen  Direction  ' Tests 

^ Cutting  Direction  Tests  Allowable  reduction  (^) 


5,1.10  .Vhen  cutting  direction  cold  bendover  testing  is  carried  out  for 
forgir^o,  the  cold  bending  angle  may  bo  reduced  30^  comparing  ’.7ith  longitudinal 
cold  bendover  test. 


Section  2 Steel  Porgings  for  Ship  Hull 


5.2.1  Humber  of  tesms  for  important  or  major  forgings  should  be  complying  -.vith 
the  requirements  specified  in  Table  5.2.1. 


Table  S.2.1 


'iume  of  7or-i'.-.  :s 

Te 

scir.g  Items 

Stem  tosts,  stern  ;-03ts,  A-brackst, 
■rudder  stockj  rudder  handle. 

1 , 

. Dm  ..-I  vt-D  'OSi'ii'D:;  ' ‘j  D S 'v 

Steels 

oo^’t  support 

2. 

3. 

Tensile  oost 
luO-'Ct  tost 

4. 

Coll  bendover  test  (o.oit  if 

TiDt  S T ^ 'v  ^ r - - 

^olc  jundovor  ■ est  should  bo  carried  out  no  mat'oer 
v/nat  Tor  smeel  . ;e  number  is  used  Tor  ru- so-'- 
and  ruddor  h.aiidie. 


5-.  2.2  If  the  steel  forgings  for  ship  hull  are  welded  togethei'  v.-ith  the  hull 
structure,  those  forgings'  carbon  contents  should  not  exoeod  0.27"^. 

Velding  of  joint-welded  forcings  should  be  subject  to  heat  treatment. 


32 


H*  0» 


Section  3 Steel  ?orgings  for  Uiesel  2ngines  and  Shafting 


5.3.1  Nuaber  of  tests  for  L-naortant  forgings  should  comply  with  the  requirements 
specified  in  Table  5.3.1. 

.3.2  for  crankshafts,  connecting  rod  bolts,  and  thrust  rings  of  nhrust  shafts^ 
n addition  to  satisf^/ing  requirements  specified  in  Table  5.5.1,  non-destruotive 
flav/  detection  sho  ild  be  carried  out;  tests  for  other  forgings  may  oe  carried 
out  if  necessary. 

5.3.3  Forgings  with  their  surfaces  already  gone  through  the  hardening  treat- 
ment must  bo  subject  to  hardness  tests  and  non-destructive  flaw  detection. 


Table  5.3.1 


Name  of  Forgings  Tasting  Items 


Bolts  of  diesel  engine  cylinders,  through 
bolts,  piston  pins,  com  shafts,  main  bearing 
bolts,  shafting  flange  bolts  and  other 
major  shafting  transmission  parts 

1. 

2. 

3. 

i 

Chemical  oomoostion  tests 
Tensile  tests 

Impact  tests 

Upper  and  lo’.ver  bolts  for  connecting 

i 

Chemical  ccmnosition  nests 

rods,  oiston  rods,  crossheads,  air 

1 2. 

Tensile  tests 

intake  valves 

i 3. 

Lmoect  tests 

' 4. 

Low-multiple  constitution 

t 

enaminanion 

i 5. 

:.;>etal  phase  analysis 

Crankshafts,  connecting  rods. 

shafts  of  comp 

1. 

Chemical  composition  tests 

compressors,  blades,  thrust 

shafts. 

2. 

T-;nsile  tests 

intermediate  shafts,  bobbin 

shafts. 

Impact  tests 

and  propeller  shafts 

4. 

Low-multiple  constitution 

examination 

5. 

Lstal  phase  analysis 

6. 

Coll  bending  tests 

Section  4 Steel  forgings  for  Steam  Turbines  and  ilarine  Gear  Boxes 


5.4.1  Forgings  for  main  shafts,  solid  rotors.  Impellers,  pi-io-.s,  couolings, 

and  main  gear  rings  of  steam  turbines  and  marine  gear  boxes  should  made  of 

stools  listed  in  Table  5.1.7;  forgings  may  also  be  made  of  other  steels  with 
orior  aooroval  of  the  Ship  Inspection  Bureau. 

Specimens 

5.4.2  Humber  and  selection  method  of  specimens  of  important  forgings  (such 
as  those  listed  in  5.4.1)  should  comply  '.vith  the  requirements  described  belov/: 

(1)  For  main  shafts — select  1 set  of  longitudinal  specimens  from  one  end  of  the 
forgings;  from  the  other  end,  select  one  ('.)  lo  ngitudinal  tensile  specimen 

and  tr/o  impact  specimens. 

(2)  Solid  rotors — in  addition  to  selecting  specimens  according  to  (l)  above, 
a sat  of  cutting  specLmens  must  be  obtained  from  the  round  section  of  the 
impeller  structure. 

a 

(3)  Impellers — those  with^^diameter  under  1200mn,  a sot  of  specimens  must  be 

cut  from  the  wheel  hub*  those  v/ith  a diameter  greater  than  1200  mm,  one  set 
of  snecimens  should  be  obtained  from  • . the  'wheel  hub  and  the  rim. 

(4)  Blades — one  batch  is  manufactured  from  the  same  heat  and  subject  to  the 
same  heat  treatment  ; each  batch  should  have  at  least  2 steel  , blarJcs 
selected.  One  tensile  specimen  and  tv/o  impact  specimens  are  cut  from  each  of 
the  blanks. 

(5)  Pinions — those  v/ith  a diameter  under-200  mm,  1 set  of  lpni,i budinal  soecimens 
be  cut:  those  vdth  a diameter  greater  than  200  mm,  1 sot  of  longituainal  specimens, 

1 diametrial  tei.sile  specimen,  and  2 diametrial  impact  soscimens  should  be  out. 

For  the  tooth  ring  of  the  main  gear,  only  one  set  of  cutting  specimens  should  do, 

(6)  ^haft  couplings — 1 set  of  tangential  specimens  are  cut. 

(7)  One  set  of  specimens  includes;  1 tensile  specimen,  2 impact  specimens, 
and  1 cold  bendover  specimen, 

(8)  For  surface  quenching  forgings,  the  hardness  of  the  quenching  surface 
should  bo  determined.  The  determi  ed  hardness  value  found  in  the  same  forging 
should  not  have  a Ks  tolerance  greater  rhan  30,  in  circumference;  should  not 
have  a H3  tolerance  greater  than  40,  in  length. 
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Supplmentary'  Tests 

5.4.3  Steel  forgings  for  steam  turbines  and  gear  boxes  should  have  supplementary 
tests  according  to  the  requirements  described  below: 

(1)  Acid  wash  examination — the  neck  and  end  of  main  shafts,  solid  rotors' 
impellers,  impeller  shells,  and  shaft  holes  should  be  subject  to  acid  wash 
examination;  their  microscopic  constitution  should  also  be  examined, 

(2)  Sulphur  seal  examination — forgings  for  main  shafts,  solid  rotors,  impellers, 
s’^culd  bo  subject  to  sulphur  seal  examination  during  the  same  acid  wash  examination 
to  examine  sulphur  segeration  conditions. 

(3)  Heat  stabilijation  test — solid  rotors  operating  at  temperatures  above  400  C 
shall  bo  subject  to  heat  stabilization  test  to  examine  their  stability  under 
high-temperature  conditions. 

(4)  Visual  examinatio:i — center  holes  of  turbine  shafts  and  rotors  should  be 
subject  to  visual  examination  to  inspect  whether  the  surfaces  have  white  spots, 
cracks,  slacks,  oxide  skins,  air  holes  and  other  non-metallic  inpurities. 

impellers  of 

(5)  Remainder  stress  determination--oomposite  t^'pe  rotors  with  a diameter  greater 
than  600  mm  and  impellers  of  solid  rotors  with  a diameter  greater  than  300  mm 

are  subject  to  be  cut  v/ith  specimens  to  determine  the  remainder  tangential  stress 
during  finishing  operations. 

For  impellers  manufactured  in  batches,  one  specimen  for  testing  is  selected  from 
every  20  impellers  of  the  same  heat, 

Remainder  stress  may  be  calculated  according  to  the  equation  below: 


In  the  tangential  stress,  kg/inm^;  • ■ 

5 ring  di'jimcter  average  defoimiation  amount,  mm; 

■ E forging  raatprial  elas*-^:ity  modulus,  select  20u00  kg/mm  ; 

••  D—  average  ^-amcmer  of  ring  before  cutting,  mm. 


The  determined  remainder  stress  d",  should  comply  with  the  requirements 
given  in  Table  5.4.3  (S). 

Table  S'-t-SCS) 


Name 

of  Forgings 

j Remainder  stresS’^*/'"”*’ 

Impellers 

Diametsfi^®®*  _ 

< 4_ 

1 

Diameter  .:;l 

I'-  ■ • - 

Solid  Rotors 

ir^Cia 

<0.10, 

i ■ k«/mm* 

<o.oa<T, 

35 


(6)  Ultrasonic  examination — each  hub  surface  of  impellers,  as  well  as  the  entire 
surface  of  main  shafts  and  rotors  should  be  subject  to  ultrasonic  flavr  detection 
after  heat  treatment. 


(7)  Liagnetic  particle  examination — blades,  pinions  and  gear  shafts  should  be 
subject  to  magnetic  particle  examination.  For  those  non-magne cic  materials, 
examination  may  be  carried  out  by  other  methods,  vrith  the  consent  of  the  Ship 
Inspection  Bureau. 

High  Temperature  Properties 

5.4.4  For  steam  turbine  forgings  operating  at  temperature  above  or  equal  to 
350  C,  specimens  should  be  selected  to  determine  the  data  on  constant 
properties  at  high  temperature. 

5.4.5  For  steam  turbine  forgins  operating  at  temperature  above  450  '''  C,  heat- 
resistent  alloy  steels  should  be  selected  for  use. 


Section  5 Hot  -lolled  Steals 

5.5.1  Intermediate  shafts,  bobbin  shafts,  propeller  shafts,  rudder,  electric 
shafts  and  other  major  parts  of  importance  that  are  manufactured  of  hot  rolled 
steels,  should  be  in  agreement  w ith  the  requirements  described  belows 

(1)  Chemical  composition  and  mechanical  properties  of  rolled  steels  should  comply 
vri.th  requirements  given  in  5.1.7. 

(2)  -hs  diameter  of  rolled  steels  should  not  exceed  200  mm,  and  should  also 
be  subject  to  suitable  heat  treatment. 

(3)  fianufacturad  products  should  be  undergone  non-destructive  flavf-deteotion 
inspection. 

(4)  Each  rolled  steel  is  subject  to  tests  according  to  the  requirments  specified 
in  Table  5.3.1. 

5.5.2  Types  and  dimension  of  specimens  of  hot  rolled  steels  are  selected 
according  to  the  requirements  given  in  Chapter  II  of  the  Book, 


r 
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Chapter  VI  Steel  Castings 


Section  1 General  itules 


Materials 

6.1.1  Castinjrs  operating  at  temperature  uiilir  400  G may  be  manufactured 
’.'fith  carbon  steels;  castings  operating  at  temperatures  above  400''  C may  be 
made  of  alloy  steels. 

6.1.2  Surfaces  of  castings  should  be  smooth,  should  not  have  any  air  holes,  cracks 
shrinkage  holes,  cold  segerations,  and  scars  or  axiy  other  defects.  ..inor  defects 
that  do  not  affect  their  strength  may  be  allowed  to  exism.  --.ajor  defects  may  be 
repaired  by  '.velding,  vfith  the  consent  of  the  Ship  Inspection  Bureau,  ilepair 

by  ‘.velding  of  crankshafts  should  be  in  accordsmce  ’.vith  the  require.ients  given 
in  Chapter  VI  and  Chapter  7II. 

Specimens 

6.1.0  Selection  of  casting  specimens  should  be  in  accord  '.’/ith  specifications 
below: 

(1)  Specimens  for  diesel  engine  crankshafts  should  be  casted  out  with  the  castings 

(2)  Other  castings  may  be  dra-«n  from  the  same  heat  alone. 

One  set  of  specimens  includes  1 tensile  specimen;  2 impact  specimens;  those  that 
are  required  to  have  a cold  bending  test  should  have  1 cold  bending  specimen. 

Chemical  composition  and  mechanical  properties 

6.1.4  Chemical  coraposition  and  mechanical  properties  after  heat  treatment  of 
carbon  and  alloy  steels  should  be  in  accordance  with  the  requirements  given 
in  Table  6,1.4  (a)  end  (b) . If  other  steels  are  selected  for  used,  their 
chemical  composition  and  mecheuiical  properties  should  comply  vvith  the  designed 
requirements,  vri-th  the  approval  of  the  Ship  Inspection  Bureau. 


Table  8.1.4(a) 


' — ^nemioai 
Steel  -iigmpoc 
dumber 

Md 

(%) 

m Si 
<?<) 

e Mo  : S Cr 

(S)  1 (fi) 

et  S ; 

(X)  1 

e V 

r,i) 

ZC15 

0.12—0.22 

0,3S~».C5 

0.20—0.45 

— i ~ 

<0.045  1 

<0.040 

2025 

0.22—0.22 

0.50—0.80 

0.20—0.45 

— ~ 

<0.045  •; 

<0.040 

ZC3S 

0.32—0.42 

0,50—0.80 

0.20—0.45 

<0.045  i 

<0.040 

ZC43 

0.42~0.52 

0.50—0.80 

0.20—0.45 

<0.045  : 

<0.040 

ZG55 

0.52—0.62 

0.50—0.80 

0.20—0.45 

<0.045  i 

<0.040 

ZC2SMa 

0.20~0.20 

0.50—0,90 

0,20—0.40 

0.50—0.70  1 — 

<0.040  ' 

<0.040 

ZG20CrM« 

t.IS'>«.2S 

0.50—0.10 

0.35—0.45 

0.40-0.00  : 0.40—0.70 

<0.040  ! 

<0.040 

ZCssCrMo 

0.30—0,40 

0.50—0,80 

0.17—0.37 

0,20—0.32  1 0.30-1.10 

<0.040  ! 

<0.040 
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Table  6.1.4(b) 


3t30 


] ll'jmber 

<'b> 

<kg/miTi*) 

! 

1 

(kg/mm*)  ! 

(%'> 

*> 

(54) 

kg-m 

cm* 

Cold  a 

iniT,  an 
d^2.5a 

2Gis 

40 

mgm 

25 

40 

6.0 

1 

90* 

ZG2S 

^5 

KH 

20 

32 

4 .3 

90" 

ZG3S 

16 

25 

3.5 

90" 

ZG45 

58 

32 

12 

20 

3.0 

- 

ZG55 

65 

35  1 

10 

18 

2.0 

- 

ZC25^o 

50 

27  1 

20  ■ 

40 

4.5 

SO* 

ZG20CrMo 

47 

25  i 

' 28 

30 

3.0 

90" 

ZGssCrMo 

SO 

40  1 

12 

20 

3.0 

90* 

‘ad- 


Hote:  (l;  Cold  beading  test  in  the  rabie  snouid.  coaply  v/iuh  requirements 
given  in  6.3.1  (d  is  the  bending  di"aieter,  a is  the  thickness  of 
,tha  soeciTien). 

(2)  The  indicated  value  of  Lupact  toughness  equals  the  average  value 
of  the  2 soecimens.  One  of  the  tv/o  having  a lo-.ver  value  than 
indicated  is  allowed,  but  should  not  be  less  than  ot  the, value. 


Section  2 Steel  Castings  for  Ship  Hull 


Items  to  be  Tested 

6.2,1  Testing  items  for  major  steel  castings  are  as  indicated  in  Table  5.2.1. 


Table  6.2.1 


r 

Name  of  Castings  j 

Testing  Items 

1 

Stem  posts,  stern  oosts,  cross-  j 

1. 

Determination  of  chemical  comoosition 

heads,  rudder  fans,  and  rudder  j 

2. 

Tensile  tests 

handles  ; 

3. 

Inoact  tests 

j 

— ^ — — ...L— ■ 

4. 

•^oid  bending  tests 

1 

■/elding 


6.2.2  Those  castings  that  are  welded  bj/-  electric  -.velding  TVlth  the  ship  hull 
1 . should  not  contain  more  than  0.27,^  of  carbon.  Major  castings  by  welding  must 

be  subject  to  heat  treatment. 

Tests 

i 

■ 3.2.3  After  mechanical  testing  and  surface  inspection,  castings  for  stem 
posts,  stern  posts  end  crossheads  should  then  bo  subject  to  falling  tests. 
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(1)  During  tes'Cing,  the  casting  teniperature  should  not  be  below  0 C,  hurling 
the  castings  on  a hard  floor  surface  (l  neter  thick  csnent)  or  on  top  of 
steel  plate, 

(2)  Stern  posts  of  solid  castings  inay  be  hurled  at  4.5°8Lngle,  letting  it  fall 
freely/  to  floor.  Other  castings  may  be  hurled  from  a height  of  2 m;  test 
results  should  not  be  having  any  cracks  or  breakage. 

(3)  ?or  composite  heavy  castings,  if  the  parts  had  been  subject  to  falling 
tests,  such  castings  need  not  be  subject  to  the  falling  test. 

5.2.4  After  the  falling  test,  castings  should  be  hung;  using  3 4 kg  ha-maer 
and  strike  at  the  castings  to  inspect  if  there  are  cracks  and  air  holes. 


Section  3 Steel  Castings  for  iiachinery 


S.3.1  liajor  castings  should  be  subject  to  the  testing  items  reouired  by 
Table  S.3.1. 


Table  6.3.1 

Name  of  Castings  j 

Testing  Items 

Diesel  engine  base,  engine  supoorts,  cylinders, 
be.'V'.hjs  for  upper  and  lov/er  connecting 
rods,  main  bsari-.gs,  thrust  bearings, major 
valve  shell  of  steam  boilers,  valve  shells 
of  side  valve  and  bottom  valve,  stern  i 

shaft  pipes,  diesel  engine  cylinder  covers,  I 

1 1.  Chemical  compoistion 

2.  Tensile  tests 

3.  Impaot  testa 

Propellers,  crankshafts,  cylinders  of 
steam  turbines,  nozzle  box,  partition 

I plates,  gear  box  shells. 

1.  Chemical  oomposzion 

2.  Tensile  tests 

3.  Impact  tests 

4.  Cold  bending  tests 

6.3.2  Cold  bending  test  for  materials  for  crankshaft  castings  is  conducted 
at  an  angle  of  180^;  bending  diameter  d"2,5a,  ii.anuf actured  products  for 
oreuikshaft  castings  should  be  subject  to  non-destructive  flaw  detection 
inspection. 
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Chapt-jr  VII  Iron  Castings 


Section  1 General  Rules 


7.1.1  Iron  castings  for  ships  may  be  manufactured  v.-i-ch  sray  cast  iron,  nodular 
oast  iron,  or  other  high  strength  cast  iron. 

7.1.2  Cracks,  air  holes,  shjrinkage  holes,  porous  spocs,  si-.nd  and  slag  granula- 
tions, and  other  defects  are  not  allov/sd  to  exist  in  castings.  ?uinor  defects 
that  do  not  affect  the  strength  of  castings  may  be  permitmed  to  exist.  Defects 
of  major  castings  may  be  repaired  by  v/elding  v/ith  the  approval  of  the  Ship  In- 
spection dureau. 


Section  2 Gray  Iron  Castings  for  Ships 


7.2.1  I'-'ajor  testing  items  for  gray  iron  castings  should  compily  .vith  the  reouire- 
ments  specified  in  Table  7.2,1. 

7.2.2  Testing  samples  of  gray  iron  castings  should  be  ooured  separately  and  from 
ladles  of  iron  used  to  pour  the  castings,  and  from  the  sarae  heat.  Three  samples 
each  are  selected  for  tension  bending  tests;  types  and  dimensions  and  testing 
method  of  the  samples  should  compily  vdth  the  requirements  specified  in  Section  6, 
Chapter  II  of  this  Book. 


Table  7.2.1 


Name  of  Castings 

Testing  Items 

Diesel  engine  frames,  engine  bases, 
cylinder  Caps,  stornshaft  pipes 

Bend  resistence  tests 

Diesel  engine  cylinder  blocks, 

pistons,  guide  plates,  propellers 

1.  Hardness  mests 

2.  Bend  resistence  mests 

Cylinder  liners,  piston  rings 

1.  Tension  or  bend  resistance 

tests 

2.  Hardness  tests 

3.  Llioroscopic  inspection 
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7.2.3.  iI(so!ianioal  properties  of  gray-iron  castings  should  comoily  irizh  the 
requirements  specified  in  Table  7.2.3. 


Table  7.2.3 


Gray  Iron 

Hrand  li’jmber 

Tensile  .-iesist«noe| 

3end  iiesistence 

„ <7,.  (kg/min  = ) 

■ Brine 11  Hardness 

i V Ha 

HT  15—33 

1.1=  ! 

33 

• 163~229 

HT  20—40 

1 20  ; 

XO 

i 170--241 

HT  25—47 

1 ■ 25  ! 

47 

( 

o 

HT  30—54 

1 - 30 

54 

; 187-255 

HT  35—61 

35 

.61 

197—269 

HT  40— 6S 

xo 

1 6S 

j 207  — 269 

Ilote : In  the  results  of  tension  and  bead  resistenoe  -oests,  if  two 

of  the  three  samples  compily  with  the  listed  value  specified 
in  the  Table,  the  castings  are  deemed  acceptable. 


7.2.4  The  graphite  for  castings  of  diesel  engine  piston  rings  required  for 
microsoooic  inspection  should  show  non-directional  minute  particles,  vlth  their 
microscopic  structures  of  perlite  (among  -Hhich  ferrite  should  not  exceed  5 -j) . 


Section  3 Nodular  Iron  Castings 


Testing  Items 

7.3.1  Testing  items  for  major  nodular  iron  castings  should  comoily  with 
Table  7.3.1. 


Table  7.5.1 


Name  of  Castings 

Testing  Items 

Sample  Selection  Llathod 

Diesel  engine  cylinder 
blocks,  cylinder 
liners,  pistons 

1.  Tension  tests 

2.  Hardness  tests 

Samples  are  oast  individually 
in  each  heat. 

Three  tension  testing  samoles 

Shaft  coupling, 
propellers 

1.  Tension  tests 

2.  Impact  tests 

3.  Hardness  tests 

Samples  are  cast  individually 
in  each  heat 

Three  tension  testing  semolss 
Two  impact  testing  samples 

1 

1 
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Speol'aens 


7.3.2  DlTiensions  ot’’  teat  satiplea  for  nodular  cast  iron 


3D3cif iea 


belov/: 


(l)  Oianater  of  saaples  for  tension  tasting  is  10  nun,  v/ith  a gage  langth  of 
50  nm;  specrnens  v;ith  a diaunster  exceeding  10  ntn  and  a gage  length  five  tLnes 
the  diameter  may  also  be  used. 


(2)  There  are  tv;o  t’jy:es  of  specimens  for  impact  testing: 


Type  I — Specimens  of  lOnvm  X I'Omm  X n5mn,  •.'.•ithout  notches  and  •.•/ith  a scan 
of  40  mn  during  tasting. 


Tyne  II — Soecimens 
of  70  mm  during 


of  20mm  X BOmm 
testing. 


X ISOrnm, 


■without  notches  and  vvith  a scan 


iiechanical  Properties 

7.3.3  ieohanical  properties  of  nodular  cast  iron  should  compily  -.vith  the  re- 
quirements specified  in  Table  7.3.3. 


; Table  7.3.3 


Brand 

Tensile  Yield  iSlonga- 
3tren,.;t}i  Point  |tion  rati 

■ ; V,  . . ff,  1 

(kg/mm*)  1 <kg/m..i>)  (,%)  | 

1 Impact  1 Brinelll 
e “k!  Hardness 

1 kf'-oi  1 - 1 

cm;  ^ H.  ; ImOaCt 

.Tnu-hnesK  1 ^ 

1 Not  less  than 

QT  1 

i 50  j 

38 

1,5 

1.5 

1 187--255  : 

r * 

1 Ty-pe 

QT  60—2 

> 60  1 

42 

2.0 

1.5 

197—269 

1 I 

QT  43—5 

45 

33 

5,0 

2.0 

170—207 

1 

Tyoe 

QT  40—10 

40 

30 

10.0 

3.0 

156—197 

II 

Note;  (l)  In  the  results  of  tension  testing,  if  tv/o  of  the  three  soecir.cns 
meet  the  listed  value  specified  in  the  Table,  the  castings  are  deem 
acceptable. 

(2)  The  listed  Talus  in  the  table  above  for  impact  toughness  is 
equal  to  the  average  value  of  t-.vo  soecimens.  One  of  the  two  specim;ns 
■.vith  a lo'ver  value  than  the  listed  value  in  the  Table  abov-c  is 
nermitted,  but  should  not  bo  lower  than  75 S of  the  listed  -rnlue. 
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Section.  4 


Ilodular  Cast  Iron  Crankshafts 


7.4.1,  Then  nodular  cast  iron  is  used  to  fabricated  crankshafts,  she  tensile 
strength  of  the  nodular  oast  iron  nust  oc-.pily  v/ith  the  roquire’j.ents  .soeoified 
in  Section  5.2.1  of  Book  II.  At  the  s;yne  tine,  the  various  technical  conditions 
in  :ti!tnuf acturing  oranlcshafts  by  using  nodular  cast  iron  should  be  approved  by 
the  Ship  Inspection  Bureau. 

7.4.2  The  follo’ving  casting  data  for  each  individual  or  each  batch  of  crankshafts 
(refers  to  the  crankshafts  cast  in  the  same  molten  iron  in  the  sarrie  heat)  should 
be  recorded  for  use  by  the  Shin  Inspection  Bureau  for  exaninaticn: 

(l)  Pouring  tanparature  of  nolten  iron 

(2}  Ghenical  concosition  after  obtaining  a ferritic  structure  cf  the  .noltsn 
iron  (the  sphsroidizing  procedure) 

(3)  Temperature  of  molten  iron  during  casting 

(4)  Time  from  the  beginning  of  che  spheroidizing  crocedui'e  to  after  pouring 
(if  the  specimens  are  obtained  from  the  crankshaft  castings  'chemeselves,  this 
recording  is  not  necessary). 

Heat  Troatrseiic 

7.4.3  Crankshaft  castings  should  be  subject  to  heat  treatment  to  eliminate 
any  remaining  stress.  If  the  specimens  and  the  castings  '.vere  oast  separately, 
ohe  specimens  and  the  castings  should  be  subject  to  zhe  same  heat  treatment 
together, 

Specrnens 

7.4.4  Selecting  mechod  of  crankshaft  casting  specimens  is  specified  belov/: 

(1)  .Then  a batch  of  specimens  is  obtained  from  each  nodular  cast  iron  civank- 
shaft,  the  specimens  should  be  cut  vertically  at  l/3  the  distance  from  the 
outer  side  v;all  of  the  casting  head. 

(2)  Tnen  a batcti  of  small-t;/me,  nodular  cast  iron  crankshafts  is  oast  from  mke 
sa.me  heat,  specimens  -and  castings  may  be  cast  separately,  but  a batch  of 
specimens  should  be  Immodiately  cast  after  the  final  crEuikshaft  oastin.g  is  cast. 

(3)  A .set  of  specimens  include  tv.-o  specimens  for  tension  test  and  tv.o  for  Impaom 
tests.  At  the  so.me  time  a numb-er  of  specimens  should  be  considered  fer  reteszing 
if  needed. 

(4)  Specimens  should  be  selected  or  cut  from  castings;  they  should  all  be  selected 
wimh  a method  that  does  not  Impair  the  characteristics  of  the  material, 

(5)  The  diameter  of  the  tension  test  specimen  is  10  mm,  -.vith  a .gage  length  of  50  mm. 
Specimens  v;ith  a diameter  exceeding  10  mm  may  also  be  used,  -.’.dth  a -gage  length 
equals  to  5 times  the  diameter  of  the  soeclmen. 

Dimensions  for  the  impact  test  specimens  are  20mm  X 20m;ri  X 120mm,  without  notches 
and  'vith  a span  of  70  mm. 
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Tests 


7.4.5  liiechanical  properties  of  nodular  cast  iron  oronicshaf ts  after  heat  treat- 
ment should  meet  'cechnical  and  designing  requirenents  approved  by  ■che  dhip 
Inspection  Bureau.  If  one  of  the  tvro  specimens  during  tension  and  irnact  tests 
proved  unqualif iod,  another  soecimen  should  be  seiooted  for  retesting;  if  this 
is  deemed  qualified,  then  the  castings  are  considered  acceptable.  If  the  re- 
testing is  still  not  qualified,  or  the  t-.vo  specimens  both  proved  ’unqualified 
daring  the  first  testing,  the  castings  should  be  unacceptable  and  discarded. 

The  castings  are  then  permitted  for  heat  treatment  once  again  and  then  subject 
to  all  required  testings;  the  acceptable  ones  are  to  be  used. 

' 7.4.6  3ach  individual  or  each  batch  of  nodular,  cast-iron  crankshaft  castings 

should  be  subject  to  metal  phase  inspection,  their  spheroidizing  rate  end  metal 
phase  composition  should  meet  designing  requirements. 

7.4.7  Nodualar  cast  iron  crankshafts  should  not  have  any  cracks,  cold  shots, 
land  other  harmful  defects. 


Chapter  VIII  Steel  Tubing 
Section  1 Boiler  Tubes  and  Steam  T'ubes 


Tolerances 

8,1.1  Typo  and  grade  requirements  for  seamless  pipes  for  boiler  and  sts?..m  tubes 
should  compily  v/ith  the  specifications  of  national  standards  or  technical  conditions 
specified  in  the  ourchasing  order.  Vail  thickness  tolerance  of  se-anless  pipes 
should  compily  v/ith  the  requirements  specified  in  Table  6.1,1, 


Table  8.1.1 


Types  of  Steel  Pipes 

Allowable  Tolerance 

of  Pipe  iall  Thickness  ('i) 

Ordinary  Pipes 

High  Pressure  Pices 

Hot  Hoi led 

- 15 

- 10 

1 Cold  Drawn 

- 10 

1 

- 10 

h'ote : High  pressure  oipes  refer  to  boiler  apd  steam  pices  -.vith 
operating  pressure  exceeding  60  kg,/om^. 


'’’osting  Quantities 

8.1.2  Hach  batch  of  seamless  pipes  should  be  taken  from  the  same  heat  and 
subject  to  the  same  sceoif ication  and  same  heat  treatment;  the  n-umber  of  each 
batch  of  copper  pipes  should  be  determined  as  follo'A-: 

Ordinary  oioos:  those  v/ith  an  outside  diameter  ^ 70min,  each  batch  should 
contain  not  more  than  400;  those  'ivith  an  outside  diameter  ^ 70mm,  each  batch 
should  contain  not  more  than  200, 

Hi.~h  oressure  sloes  i each  batch  of  steel  pines  should  not  be  more  than  bO,, 

_ 


external  Inspection 

5.1.3  Ihe  internal  and  external  surface  of  the  searless  pipes  for  boiler  and  stean 
tubes  should  not  show  evidence  of  cracks,  cavities,  scale,  laranaticns  or  other  surface 
defects.  If  the  above  mentioned  defects  exist,  they  should  be  completely  eliminated. 

The  reduced  thinness  of  the  pipe  wall  of  the  portion  to  be  elirinated 
should  not  exceed  the  allowable  tolerance. 

Tasting  It^ms  and  Speciru^ns 

8.1.4  After  the  copper  pipes  had  bean  subject  to  external  inspection,  the  tasting 

iter^  and  number  of  specimens  should  be  selected  according  tc  the  raquiremencs 

specified  in  Table  S.1.4. 


Table  8,1.4 


T;/-pe  of  Steel  Pipes 

Testing  Items 

Quantity  of  3peci~ens 

Ordinary  Pipes  1 

1.  Chemical  analysis 

2.  Tensile  test 

3.  Flattening  test 

1.  Select  one  specimen  from  aach 
heat. 

2,  Select  two  steel  pipes  from  each 
batch;  select  from 

each  steel  pipe  one  spec: men 
each  for  tensile  test  and 
flattening  test. 

High  Pressure  Pipes 

1 • Chemical  analysis 

j 2.  Tensile  test 
! 

I 3.  Flattening  test 

4.  I-'otal  phase  test 

5.  Impact  test 

6.  Ultrasonic  defect 

1 

1.  Select  one  specimen  from  each 

heat, 

2.  Select  two  steel  pipes  from  each- 
batch;  select  from  each  steel 
uipe  one  specimen  each  f or 
tensile  test,  flattening  test, 

' s.rd.  r'0i£.l  S6  "oSsti  ssl-sct- 

i 3 specimens  for  Impact  test. 

' 3.  Sach  steel  pipe  is  subject  tc 
i ultrascnic  defect  ir.specticn. 

High  Pressure 
Joint  Pipes 


Same  as  the  items 
for  high  pressure 
pipes 


Select  one  lot  of  specimens  from 
each  steel  pipe  according  to  the 
testing  items  listed  for  high 
pressure  pipes;  each  steal  pipe 
should  be  subject  to  ultrasci'.ic 
defect  inspecticn. 
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CO  Cl) 


3.1.5  7or  boiler  ynd  stean  oioes  , .vi'Ch  a .vail  "cerfloerature  exceebin;;  irO  0, 
soecinier.s  should  also  be  selected,  detemine  the  hijh  te.uperai^ure  instantaneous 
crooerti 3s . 

c 

6.1.6  Steel  pipes  v/ith  a -.'foil  temperature  under  4.'^G  G may  use  seamless  steel 
cioes  mane  -.vith  hi.th  ouality  carbon  steel;  their  chemioal  compositicn  and 
mechanical  oroperties  should  compily  .vith  the  requirements  scecifisd  in  Table 
8.1.6(a)  and  Table  8.1.6(b). 


Table  8 l.G(a) 


steal  ^ 1 

Dasigr.ation 

: 

-. 

Chemical  Composition 

% 

s 

1 « ' 

' ^ ! 

1 « p i a S : 

: « Cr 

tj  Ni 

C 

Si 

Mil 

: ■.  Not  to  exceed 

i 

10  : i 

0.07—0.14 

1 0.17—0.37 

1 

0.35—0.65 

: . . 1 ; 

0.035  j 0.04 

1 

0.15 

1 

0.25 

20  „ I o.:r~o.2^ 

j 0.17—0.37 

0.35—0.65 

.0.04  0.04;  . < 

0.25 

1 0.25 

Table  8.l.S(b) 


Steel 

.'Jesignation 

'JTensile  Strength 

j (kg/mm*) 

{Yield  Point 

1 

j :(kg/min*) 

Percent  Slongation 

1 s, 

i (%) 

10 

21 

j 24 

20 

40 

25 

! 20 
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Table  8.1.7(1>) 


Steel 

Designation 

‘ longi 

tudinal 

Soecim 

ens 

i Transversal 



Specrusr.s 

. OJ 
i ‘'i 

1 (kg/mm' 

. (s; 

' 0. 

'■)  (kg/in.a  = 

)1  (5-^) 

--gr- 

‘ "k 

|(Lg-m/cm* 

1 « 

) (kg/inm- 

! 

. L 

■)|(kg,'mm 

■ 0,  “k 

‘)^  cy>)  !(kg-ni/cm') 

ISMnV 

; 50 

! 30 

1 

; 

1 

1 

1 

! 1 

ISMnsloV 

-i 54  ■ 

40 

17 

- 

12MoV\VBSiRe 

1 55 

32 

' 18 

12Cr2MoWVB 

1 35 

33 

18 

' 

i 1 

l2Cr3MoVSiTiB 

' 64 

43 

18 

: 

i 

J2CrlMoV 

1 

i 26 

21 

6 

45 

2S 

. i ’3  i ® 

ISCrMo 

1 45 

24 

21 

! 6 

1 <5 

23 

1 

1 20  1 5 

Tensile  strength  Yield  point 

Peraont  elongation  Inpact  toughness 


Note ! 


(1)  .‘ihen  mechanical  properties  of  steel  pipes  fail  to  meet 
the  raquirenents  specified  in  the  table  above,  neat 
treatment  for  a second  time  is  allov/ed. 

(2)  When  the  diameter  and  wall  thiclcness  is  allowed  to  be 
cut  for  transversal  specimens,  properties  may  be  changed 

to  transversal  properties;  longitudinal  properties  may 
be  omitted. 

(3)  ?or  steel  pipes  '.vith  outside  diameter  2^168  :nm  and  wall 
thicimess '2  25  mm,  tensile  resistence  strength  may  be 
decreased  to  4;<g/TCi^, 

(4)  The  listed  impact  toughness  value  is  the  average  value 
of  three  specimens;  the  value  of  one  of  the  three 
specimens  is  permitted  to  be  lov/er  t>  an  .the  listed 
value,  but  should  not  exceed  i. 

(5)  .'/hen  the  longitudinal  propsrtie'^™  ar*e  o'.-inngod  to 
transversal  properties,  the  requirements  of  the 
transversal  properties  should  be  approved  by  the 
Ship  Inspection  Bureau. 


3.1.8  Longitudinal  tensile  specimens  may  be  formed  into  rolled  or  tubed 
specimens  of  equal  ratio,  according  to  the  conditions  of  the  tensile 
testing  machine,  after  processing  or  machining,  .'hen  the  specimens 
are  being  rolled  or  machined,  they  should  not  be  straightened;  -.vhen 
the  tubed  specltens  are  used,  the  length  of  the  specimens  should  not 
be  greater  than  300  mm. 

6.1.9  PI attening  Tests: 

(1)  The  length  of  the  flattening  specimens sho  i Id  be  equal  to  the  cuter 
diameter  of  the  steel  pipej,  their  maximum  length  should  not 
exceed  100  mm, 

(2)  Flattening  testing  should  be  carried  out  under  cold  condition; 
after  flattening,  specimens  should  not  have  any  cracks  or  breaks. 
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(3)  After  the  steel  pipes  h&ve  been  flattenea,  the  outside  plate 
distance  fron  H is  obtained  frcra  the  follovrin;;  equation: 


H = 


(i 


V/here 

H ■^distance  oetvrean  flantenin.^  elates  in  .nm; 

S=speciiied  v/all  thic’.cness  of  steel  tube  (pipe)  in  an; 
a-dsfomation  per  unit  length,  for  carbon  steal  ).07; 

for  alloy  steel  3.03; 

D^sspeoified  outside  diameter  of  tube  in  mm. 


nydrostatic  Test 

8.1.10  3ach  boiler  tube  and  steam  tube  should  be  hydrostatically  tested  at  the 
manufaoturin^  mill;  the  hydrostatic  test  pressure  Ps  is  to  be  determined  by 
the  folio-win^  equation: 

D _ 200^Col 

• 2 


Pg=  hydrostatic  test  pressure,  in  k^cm  ; 

S ; minimum  tube  -.Tall  thickness^,  in  mm; 

Co]  •=  allovra.bls  stress  kg/;nm^,  use  40^  .1  .ho  lovrer 

limit  value  of  the  tensile  strength  of  the  tubes; 
for  high  pressure  tubes,  use  0.35  times  of  the  yield  o:int. 
d s specified  inside  diesaster  of  the  tubs,  in  mm. 


The  testing  press'ure  should  be  75  kg/cm^  in  minim'um;  but  must  not  exceed  4r')0  kg/om^. 
Hydrosmatio  test  results  should  be  indicated  in  the  quality  certificate  by  mhe  tube 
manufacturing  mill. 


Section  2 Seamless  Steel  Tuoes  and  '.'felded  Tubes  for  Other  P’urposes 

8.2.1  Seamless  tubes  may  be  fabricated  by  using  ordineiry  carbon  steel.  Their 
chemical  composition  should  be  ascertained  to  contain  sulphur  not  to  exceed 
0.0o5'"^;  phosphorus  contents  should  not  exceed  0.045)?.  Their  meonauical  prooerties 
should  compily  v/ith  the  requirements  specified  in  Table  8.2.1. 


Table  8,2.1 


Steel  Designa- 
tion 

ensile; 

3ti3|ng 

(kg/inm>) 

field 
tn  apt. 

(kg/min>) 

.--ercen 

ilcjmat 

<H) 

t 

ion 

Steel  Pipe  -flattening 

Delivery  Condition 

Not  loss  nnan 

Ai , AS| , A Ji 

34 

22 

24 

Hot  Rolled  ' . To  be  i 

As.ASf  ,Aji 

38 

24 

22 

, harried  out  according  i 

hot  Rolled  to  p 1 Q ! 

X..AS,.Xi. 

42 

28  1 20 

Hot  Rolled  ' j 
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5.2.2  Surfacs  qualityj  allowable  dl"isnsional  toloraiices,  and  hydrosta-io  t-ssts 
should  compily  -.vith  the  requirenants  specified  in  Section  1 of  this  chaptsr. 

3.2.3  .Teldad  steal  tuba  surfaces  should  not  have  cracks,  scars,  splits,  burn 
sects,  daap  -narkings  and  other  haitaful  defects;  but  such  defacts  as  pressure 
.uarks  not  exceeding  th.a  ?ra.ll  thioknass  tolerance  as  v/ell  as  oxidized  oietal  skins 
nay  be  allov/ed  to  exist, 

8.2.4  The  msohanical  properties,  technical  orooert;/  tests  and  hydrosnaoic  tests 
of  '.velded  steel  tubes  should  meet  the  technical  standards  for  such  products. 


Chapter  IX  llon-ferrous  Metals 


Section  1 Propellers 


Materials 

9.1.1  Copper  alloy  propellers  (including  propeller  blades)  may  be  cast  vrLth 
manganese  bronz  or  high  strength  aluminum  bronze  alloys. 

Testing  Items 

9.1.2  Tasting  itmes  for  propeller  castings  are  as  follov/s: 

(1)  Chemical  analysis — specLmens  selected  according  to  the  ladles; 

(2)  Tensile  tests — select  one  tensile  specimen  from  each  casting; 

(3)  Sxternal  inspection — each  casting  sho.dd  be  inspected. 

Specimens 

9.1.3  Ca.-ting  speoinons  are  selected  frorr.  the  follovring  methods: 

(1)  .'/hen  a soecitien  is  dravni  alone,  the  test  sample  should  be  cast  according 

to  the  cast  coupons;  if  a casting  is  poured  from  several  coupons  of  molten  cooper, 
each  coupon  of  molten  copter  should  have  one  speciraen. 

(2)  If  the  specimen  and  the  casting  are  poured  together,  the  specimen  :osition 
and  its  mechanical  properties  should  bo  apor  .2d  by  the  Ship  Inspection  bureau. 

Chemical  Composition  and  Mechanical  Properties 

9.1.4  The  chemical  composition  and  mechanical  properties  of  propeller  castings 
should  compily  with  the  requirements  specified  in  Table  9.1.4  (a)  and  (b). 
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Table  9.1.4(a) 


m 1 

Types  j 

Cu  <S)  ! 

Mn  “ («) 

^ j 4*  ■ g 

Fe  ■ (%)  1 Zn  (’/,)  ■ Al  ' {%) 

HMnFc  55 — 3 — 1 1 

3—4 

I 0. 5-1.5  i Remainirr; 

1 

j 1 amount  ' 

ZHAI67— 5— 2— 2 

1 66~66  : 

1.5— 2.5 

i i.s~2.5  ; Rair.ainir.gj 

Table  9.1.4(b) 


Steel  Desipnaticn 


Pensile  Strength 

Ob  (ke/miri') 


i Percent  Slonaaticn 

' s,  (%) 


HMnFc  55 — 3 — \ 


>45 


>15 


I-(etal  riol: 


:>5o 


ZHAl  67— 5— 2— 2 


>62 


>]2 


Note:  Other  copper  alloys,  if  their  corrosion  resistrxnoe  is  good 
aJid  that  Iheir  nechaaical  properties  cojnpily  vrith  the 
designing  raquirensnts  and  v/ith  the  consent  of  the  Ship 
Inspection  Bureau,  may  also  be  used. 

9.1.5  Casting  surface  should  be  of  uniform  grain,  free  from  air  holes,  cracks, 
shrink  holes,  cold  spots,  soars  and  other  defects,  llinor  defects  that  do  not 
effect  its  strength  may  be  penitted  to  exist.  Defects  of  major  parts  may  be 
repaired  by  v;elding,  with  the  agreement  of  the  Ship  Inspection  Bureau. 


Section  2 Stern  Shaft  Copper  Slioves 

9.2.1  Stern  shaft  copper  sleeves  may  be  fabricated  with  zinc  bronze  or 
manganese  bronze.  Testing  itraes  for  castings  are  as  follows: 

(1)  Chemical  analysis — specimens  are  selected  according  to  the  ladles; 

(2)  Bxternal  inspection — each  casting  shall  bo  inspected. 

9.2.2  Chemical  composition  of  stern  shaft  copper  sleeves  should  be  ccmpily 
erith  the  requirements  specified  in  Table  9.2.2: 


liable  '^.2.2 


Types 

' 0. 

1 Cu  («) 

1 ts 

Sn  1%) 

1 Zn  OS) 

. g 

Mn  (•<) 

QSn  10—2 

.HMn  58—2 

; Eamaining  1 

1 amount 

1 37—60 

9^11 

j ~ 

1 - 

Remaining  •' 

■ ' amount 

1—2 

f 9.2.3  Casting  surface  should  not  have  sprues,  burrs,  air  holes,  cracks,  and 

other  defects. 
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Section  3 Aljsiinura  Pistons 


9.3.1  .il'-vninurti  nistons  for  diesel  engines  nay  be  nanufnct’arod  or  oast  v.loh 
almin'jci  alloys.  resting  itens  for  castings  are  as  follov/s: 

(1)  Chemical  analysis-'seecimens  are  selected  according  to  ladles; 

(2)  Tension  tssts--on9  soecinen  from  each  ladle,  v/ith  dianeter  of  12  nm, 

gague  length  cO  inn; 

(3)  Hardness  tests; 

(4)  Zxternal  inspection — each  casting  should  be  inspected. 

9.3.2  Chemical  conposition  and  mechanical  properties  of  aluminum  pistons 
should  compily  -.vlth  the  requirements  specified  in  Table  3. 3. 2(a),  (b);  if 
other  al'xainum  alloys  are  to  be  used  also,  their  chemical  composition  and 
mechanical  properties  should  cerapily  v;ith  designing  requirements  and  had  the 
consent  of  the  Ship  Inspection  Bureau. 


Table  9-3.2(a) 


Types 

i S i S 

! Si  (^)  ! Ca  (%) 

Mn  (%) 

M*  CA)  i Al  ” 

Z L J 

Z L « 

; 5.0~6.S  6. 0-7.0 

■ 1 11-12.3  • 1-2 

0.5— 0.9 

0.3— 0.5  homnlning 

: amount 

0. 4-1.0  ; .-ismaining 

Table  ,3. 3. 2(b) 

Types 

j Tensile  Strength  ■ Hardness 

! Ob  (Kg/mm  = ) j MB 

i Heat  Treatment 

. Z L 3 

>IT 

95—140 

1 "Sing 

Z L 8 

1 ^25 

95—140 

! .iue.-'.chir.g  rnd  nj^i.-ig 

9.3.3  Casting  surface  should  be  clean,  without  air  holes,  cracks  or  other  defects. 


Section  4 Searing  Alloys 


9.4.1  Searing  alloys  for  hull  machinery  may  bo  of  tin-based  bearing  alloys, 
lead-based  bearing  alloys,  aluminum-based  bearing  alloys,  or  copper-based 
bearing  alloys. 

i? 

Testinr  items 

9.4.2  Testing  items  for  bearing  alloys  are  as  follows: 

(1)  Chemical  analysis — specimens  selected  according  to  ladles; 


102 


Sxternal  i:;5-:oc-i3n — 3--\oh  sastin-  should  oe  individually  i..s  oeoted  ; 

(3)  Test  01  ^he  bona  boorveon  aha  bo-  rin_  all:"  uai  basa  ;;; otal-- o aoh  sV.oul: 
inspected; 

(ij  hicroocooic  analysis  a-.-.d.  hardness  test — aain  bearinys,  crosshead,  co.'r 
rod  top  ojad  boston  end  beca’in^s,  a.:ii  tri-aeno-l  thruso  beari-'._s  r.uso  b: 
subject  to  aicrcscooic  analysis  (nagnifo-  i;)  :i..33;  and  hardness  oeso. 
stean  and  _a3  ouroine  bearing  alloys,  each  sho  Id  be  subjeos  so  oiors; 
final:  sis  — -d  hard:', ess  test. 

(5j  hscal  pj'.ase  oorssositio:;  'j;-;s;:iination — apply  only  to  copper-lead  alloon. 


lh.e:r,ical  Co.nposision 

9.4.3  Ihenical  conposi-ion  c?  bearing  allop's  sho  .'.Id  bs  in  accordance  ,vith 
raquiren .-ints  soecidiod  in  Table  9.4.3. 


— Table  9.4.5 

Types  J 

1 

Sn  iK.)  1 

a 

Cu 

^ 1 Ai  (S) 

CiSnSh  i 

GlSnSt,  r.5— J 1 

CiTbSb  ;j— -i — I.S 

Ci?bSb  13— aj— 

C>r3  M 

( 2C I I) Tin- 00 oner 

iionain-  i 
a:ntj 

"11  1 

J-6 

:o 

» 

5.5*-,. - 
' 3*-,- 

^ ^ i 

Remaining 

amount 

'"S'  _ i _ 

^5—1?  Remaining'  _ 

U-iR  i _ 

— ! dsmainin 

~~  — 1 amoimt 

‘jsher  .despaireaents 

9.4.4  Surface  of  each  bearing  alloy  should  be  sraooth  and  clean;  should  not 
contain  any  slags,  non-netallic  and  other  irapuritiss. 

9.4.0  Bearing  alloys  should  be  bond,  '.vith  the  base  aen&ls. 

9.4.6  for  c.cpper-lead  alloys,  she  lead  should  be  of  neii'r.-.  ^lain  and  spr.^ad 
h.cr,o p-eneously  on  oho  copper  base. 


Section  5 Condenser  Tubes  and  Tube  ?l-.„a3 

5.. 5.1  Cc .’-denser  tubes  e:cpo3.ed  to  sea  -.Tatcr  .nay  be  fabrientsd  ■■•/ith  v.to  -ghs 

al’.ni-ni'an-brass  alleys. 

Batches 

^ .9.5.2  2ach  batch  of  tubes  should  be  made  of  nhe  same  alloy  kind  and  subject 

to  the  sane  forming  and  heat  treatment.  3ach  batch  should  not  exceed  19.9  kg. 
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Testing  Item.,s  -i-nd 

9.5.3  Tasting  its;ns  and  spaoinens  for  oondanssr  tubes  are  as  follo'.vsi 

(1)  Chemical  analysis — specimens  are  selected  according  zo  ladles; 

(2)  Tension  test — one  sneoinen  from  each  batch; 

(3)  flattening  test — t-.vo  specimens  iron  each  catch; 

(4)  3rss.:<;a;G  tast--t'.7o  snscimens  from  each  batch; 

(5)  Hydrostatic  t33t--zhe  entire  baich  oi'  tubes; 

(3)  Hxternal  oxanination — tvro  specimens  fron  eac'n  baich. 

Ghenioal  Conpositiori  and  blechonical  Properties 

9.5.4  Thenical  oonposition  and  nechar.ioal  properties  o;  nubes  sh  :uld  cor.pily  with 
the  req^uirenents  specified  in  Table  ■9.5.4(a)  and  (b). 


9.5.5  The  flattening  test  should  be  carried  out  in  cold  condition;  during 
testing,  the  specinens  should  be  flattened  to  35'o  of  the  original  outside 
diameter;  the  flattened  specimens  should  not  have  any  oracles. 

9.5.6  Breakage  testing  should  be  conducted  as  follows: 

(1)  T-wo  speoiaen  pieces  should  bo  cut  from  each  batch  of  tubes,  150  nn  lone. 

(2)  Specimens  should  be  suhtierged  in  mercury  nitric  solution  for  2 hears. 

(3)  Specimens  tahen  cut  of  the  solution  should  be  observed,  magnifying 
5'^10  times,  and  should  bo  free  of  craolcs. 
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S.S.7  T'istin^  pressure  is  5J  ky'sn"  iurin-'  the  hydros'Casi : sjst,  lor  a serisd 
of  soosnds.  Tubes  after  the  hp'drostasic  tes^  shoili  r.os  ieaic,  -.vishsit 

oraehs  and  d ef ornasion. 

sf  sures,  “heir  surfaces  s'-^Duld  .e  s::ssh  -nd 
oles,  craohs,  air  :'.sl:s,  1 an in^sions , ;,s - 

iall  sousersor  sl  ates  nap’  be  nade  fr  :n  tin  brass,  leal  brass,  ;r  •. m ; u. ’ s e 
V'-.oir  c ■■.enica  1 co '.position  a”.  : n o'enioal  ar-soersios  snouls  :o  -.  iip'  vish 
liren 'nns  ssocifijd  in  farle  j.s.fUw  and  (h). 


Table 

3.5.3(a) 

Tp.-res  i 

Cu 

Fr  " (%y 

; 2n  (%) 

« 1 
Sn  («) 

Mn  (’;) 

HPb 

1 

59—1  j 

j ST-^id 

C.s  — i.9 

1 .ier.ai.iing  ; 

1 

- 

HSn 

62—1  ! 

1 6i— 5X 

i 

— 

■ Xc  '2. ' “ ini’* 

. s:*.  un-  I 

0.7— 1. 1 

— 

HMn 

58—2 

1 57—60 

' 

1 Ke.-.i.i.;ir..~  . 
1 “.’"curt  1 

1-2 

S.s.S'b) 

Material  I Tensile  btrenpth  reroent  bl rr. ratio.’'. 

Condition'  i oi>k*/mm‘  > «,,  > % 


HPb 

59- 

-1 

Soft 

( , 

! 

zs 

HSn 

62- 

-1 

Soft 

1 (Hot  r.-i.d;  35  * 

(Hot  rolled)  2.3 

HMn 

58- 

-2 

Soft 

i 39  ; 

80 

HPb 

59- 

rl 

i Hard 

i 

9 

HSn 

6i- 

“1 

Hard 

I 

5 

HMn 

58- 

-2 

1 Hard 

! 60 

8 

Chapter  X Anchors  and  Chains 
Section  1 Anchors 

Materials 

13.1.1  Stjel  m-aterials  for  a-.o’sors  and  parts  are  classi.ied  i".to  t.aree 
to  be  'used  aooordins  to  Table  13.1.1. 


"lable  13.1.1 


Anchor  Arrangement 

Hall's  Anchors  and 
Speke  Anchors  j 

..-liralty 

.'jichors 

An 3 ho r 

Shaolsles 

Heme  of  Parts 

m 

Pinion  Hori. 
j Shaft  Loe’-rs 

1 Cod’/ 

1 

1 

I 

II 

III;  II 
1 

Bi 

II 

B9i 
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1-.1.2  3 -r.ioFvl  cc.-..  .I-.  :'^id  -’.e^hanical  prooerri^s  3:'  s-jel  niat^ri-Als 

fir  anc'.orG  shoul'.’.  ilv  ■ i'h  “he  rej'aii’eir.er.ts  Goesihied  in  hable 


i Ihenic 

a It::-, 

'c^izi  jr 

(•A) 

« 1 

? 

a 1 

a 

a 

2 

c ! 

Mn 

Si 

p 

s 

Table  10.1.2 

J-'ld'  f ~T 


S '(ke/<nm  = ) <%)  ' **di-t5“'h 


I <0.32  i 0.5-0. 8 

jo. 2-0.151 

<0.0.5 

- <0.05  1 

>10  1 

[ >!8 

i '■■so--;'-' 

bag5^^ 

23  2.5 

1 

! . 

! 

! 38—10  j 

>27 

■ ConiMcr. 

c 1 r b 0 n 

II  :0. 11  — 0.22  0.1  — 0.S5 

'0.:2— o.:o 

<0.045 

^:.05  1 

i 1 

1 >26 

i 1 30 

d^O.S* 

; Steel 

1 ! 

1 ! 

1 -14—47  : 

>25 

A| 

: 1 

; i 

42—44  ' 

in  '0.18--0.27  0.4— 0.7 

1 ; 

0.12  — 0.30 

1 ' 

<0.045 

<;-.05  : 

45—43  ; 

; *25 

: >21 

180* 
k d s 2* 

Steel 

! - - • ! 

. ....  . 

- 49—52  : 

, -- 

* 

11. 1.3  .’ec  ' nis  :!  tes~i".  ' S fjir.ena  for  cus’cir.^  anchors  r.ir^y  be  drav-r  ’.’r  i “he 
sa.;'.o  '.'I'.er.  sp-iel  oh.at  o^st  oi'.o  castings,  and  s’-o'ild  b:  fahrioat'^d  the  .■l.'.n.ks 

•.h''.!  -ore  '.-i-.t  tre , nsd  tepethsr  v/ith  chs  casti-.,j;3.  oproLnons  lrcl;ic  :n;  ojnsil? 
GG.'-jr. -th  G ccir.on,  aa'.d  or.s  for  cold  bending  Zizz.  .’h.-o  cold  bendin.^  spoci  ^r.'. 
o.-.j  lit  CO  c'lt  frc’.a  nh.s  blanks,  -.vi-sh  a cross  srenion  surface  of  2j  z.z  :c  2'  a.-.d  i. 

Ic;'. -th  not  loss  t'.Jin  21  'fn;  the  corner  edpe  nap  be  a cor.-.cr  vith  a radinc  of 
1 and  a 'ending  din  notor  i of  51  m.  'I'hen  the  selection  of  sooci...cns  is 
dii'f  io  ,;lt,  s :.ecl..e.:c  ni,..  ..  cross  section  surf  ace  of  10  x 1'1.5  '.'..nd  a bendi.:_ 

ii.;-.e:er  cf  25  na  nav  also  be  ased. 


1).1.4  ferped  a.nchors  -..id  carts  need  only  the  oersificat--  as  evidence 
natcrial  insooction  and  steel  blank  puality  c ^rtif ication. 

restinps 

Is. 1.5  stocklecs  anchors,  a^scV.or  flukes,  cast  anenor  stocks,  as  v.ell  aS 
the  oast  or  velded  anchor  bo '.ics  of  nne’-or  -.vith  stociss  vich  its  respective  •• 
(not  includin:  horioont!l  .stocks;  eoual  or  greater  fan  75  k^,  should  be 
subject  to  the  drop  test. 


Jroo 

Test  hei. 

:ht3 

(1, 

Anchors 

C/r* 

j'j.r  zs 

. ith 

(2; 

.Anchors 

or 

'p».rZ3 

•vi  th 

(3; 

.inohor  s 

or 

parns 

vri.th 

The 

speci-r.ens 

aro 

-3  be 

iro. 

f 0'.:n 

■iavLcn  on 

tho 

'To  ‘.n 

d. 
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Joon  a-.‘:isfncr.or:.-  aoT.ploT^iD';  oi  Tihs  drop  tjrfc,  each  ^.ir.chor,  or  irs  or-s,  1;' 

orao'cs  or  fraooures  pr-.-aont,  is  to  b-;  sub.ji'.to.;  r o an  ’ri  . 

•;o:0;  -jaoh  Jior.e  is  oo  be  Sispeiided  freol”  md  ha;r-";red  ■.■.ior.  a saioaol;  -.ail-o 
.•■•3 i not  1:'3S  t’.an  3 ;<5.  If  -''.3  par'cs  proaucs  a ol  rar  and  rejjr.ano  ...z, 
obey  are  duo.ned  satisfactory.  Ct'.'.er-.ri.ss  the  drop  tost  g.  ould  be  rs  eaf-.d 
(or  rsjuiro  an  oxa.ni.o'iti  j.  by  neans  of  an  ap-ropriute  non-dosor  .o  :i . c . 

10.1.3  'iron  s a'-: i factor;/  oo-'opletion  of  the  drop  test  for  a_a-;hcr3  .•.-is.-,  a :'.oan 
■••eipht  ^ 75'<; y.  tension  test  shonld  be  carried  out.  fhe  offrotivo  totsi  :. 
soot  is  at  one  side  of  f's  statutory  shackle  and  at  a distance  tne-t'-.ri  -f 
the  anr.  lenpth  a^art  fron  the  bill,  as  shovn  in  dipure  1).1.0. 

In  case  of  stoo'cless  anchors  v.'ith  t.;'  ..i-.  ;od  erns,  the  ltd  i'  to  he  a-  i-  - 
sinulntr.eousl;.-  to  th.e  toints  of  tho  ar.ts  and  subject  to  the  s o;-3  trsts. 

Ir.  case  of  anchors  v/lth  f.vo  fixed  anr.s  and  vrith  stock,  rfne  load,  in  the  tvra 
tests,  is  to  be  aoolied  separately  to  the  t-«o  arts. 

1;.1,7  f'le  tension  test  under  the  load  for  anchors  should  be  in  a30orda;-ee 
•.•.•ith  tho  ropuire.T.onts  specifial  in  Table  10.1.7. 


10.1.3  Prior  to  the  tens  ionium,  test  under  the  load,  a punch  ncrlc  is  to  be  nade 
on  the  anchor  shait  -and  also  on  each  bill  of  arms.  Ths  anchors  are  then  subject 
to  6 orelininart'  5 ainute  tension  by  a load  equal  to  50 of  the  load.  The  load 
is  then  reduced  dovm  to  lO'o  and  the  distances  bet-.veen  the  punch  narks  are 
txeasured.  .Aft  ' r this  the  load  is  increased  to  the  tfcnsioning  teat  value  and 
nain"  ainsd  during  5 minutes.  '-'hen  the  load  is  reduced  to  lOu  and  the  distances 
between  the  ounch  narks  are  neasured  again.  The  increase  of  the  dist3.noe  tet-.veen 
the  o'unoh  narks  should  not  exceea  0.5  ' of  t.-e  initial  distrjioe. 

.Aft -r  the  te  .jic  test,  the  free  rotation  of  the  heads  of  the  anchors  thro'.igh  the 
ccnplote  angle  is  to  be  controlled.  In  case  the  rotation  of  the  heads  is 
Impeded  or  they  roto.te  t'.rcugh  on  inconolete  angle,  the  defects  should  be 
fou.nd  and  elLninated  and  the  test  repeated.  If  the  results  are  unsatisf aotory, 
the  batch  of  anchors  are  ,7orthl3SS. 

A.nchors  -.vith  stocks  are  subjected  to  be  tension  tested,  •.vith  the  iist-mce  bet-.v  .n 
the  punch  narks  which  is  nee.sured  before  and  after  the  apolication  of  the  proof 
load  -.vhich  is  to  be  apulied  for  5 minutes.  If  residual  deformations  are  apoarant, 
the  or.chors  are  deem  -.vorthlsss, 

Markings 

10.1.9  Upon  satisfactory  oomiletion  of  all  tests,  anchors  sh.ould  be  stomiped  -.vith 
their  respective  weight  and  the  n-amo  of  the  manufaeturie.g  plant,  as  well  as  the 
date  and  qualified  final  testing  operations;  the  markings  should  be  stamped  both 
on  the  shank  and  one  one  of  the  arms, in  ease  of  stockless  anchors;  in  case  of 
anchors  with  stO'Ok,  the  murkln.gs  cho'.;?.u  oo  stamped  on  the  anchors  and  anas. 

?or  ano'r.ors  used  in  international  ocean  going  ships,  the  seal  of  f's  ohip 
Inspection  bureau  should  also  be  stamped  on  t-em. 


Section  2 Cast  Steel  Chains 


Chemical  Composition 

13.2.1  Cast  steel  chains  and  their  parts  are  fabricated  v/ith  silicon  manganese 
steel;  Chemical  composition  of  the  steel  shcoild  compily  -with  the  require.ments 
specified  in  Table  10.2.1.  Cach  heat  of  steel  nseas  a chemical  analysis. 


Chemical  Gcitoositioa  of  Steol  Casting  Chains  ( u)  Tu-ble  , .2.1 


^ Mn 

et  s 

0.6^0. 8 

1.1  — 1.4 

<0.04 

0.27  — 0.34  I 0.s~0.«  j 1.1  — 1.4  j <0.04  I <0.04 


‘Tote : Contents  of  copper,  onromium,  and  nic<cie  in  tne  steel  eacn 
should  not  exceed  0.3m. 


External  Examination 

10.2.2  After  careful  removal  of  mould  sand,  casting  heads,  fissures  and  other 
defects,  cost  steel  chain  links  and  parts  are  subjected  to  external  examination. 
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Hantiful  defects  (such  as  air  holes,  slags,  etc.)  of  each  chain  link  should  not 


exceed  the  num': 

jers 

i sp 

ecified  below: 

Chain  diameter 

d 

25 

46imm 4 soots 

Chain  diameter 

d 

4'j 

57’.rm 7 spots 

Chain  diameter 

d 

62 

lO'Cmm -10  snots 

‘^efeots  nay  be  repaired  by  v/elding,  which  is  to  be  done  before  quenching,  fhe 
welding  should  ascertain  the  strength  and  surface  quality  of  the  parts. 

Chain  Link  folsrances 

10.2.3  Cast  chain  links  should  be  examined  their  shapes  and  dimensions. 

Tolerances  cn  the  dimensions  of  chain  links  and  oarts  should  be  in  acoord:‘.nc3 
vri.th  003  requirements  specified  in  Table  10.2.3(a).  Tolerances  for  case  mould 
cor-necti-  surface  should  not  exceed  the  requirements  scecified  in  Table  lj.2.3(bJ. 


Allov/abls  Tolerances  of  Chain  Links  and  Parts 


Table  10.2.3Ca) 


T’/ne  of  Chain 
Links 


Chain  Dianettlr 


Allovrable  . Toleranoes 


' (mm)  jCha^n^yiameter'Chuin  Len- t'rj  Chain  ./idth 


Ordinary  Links 

special  enlarged 
Links 

Jnd  C'-ain  Links 


Connecting 
Chain  Links 


25~49 


i 53~ri 

! 

= 1-S.. 1-  tO.ld 

•iO.ld 

77~1I0 

[ 25~40 

= 2-0 

___  j 

' 41~57  ■■ 

* IJi.  i tO.ld 

! S2-100 

r 2.0  ■ j 

25-49 

f'  ^ -i'  ■ _ 

I 53—72 

r 1-5  j . 

t0,05d 

j 77—100 

X 

■j 


•rt 

••i 


- - -Allowtfole- yo-larances  of  Cast  llould  ConnectiV.- 
Chain  Ciameter  ' Alloy/able  Tolerances 


(oi  m) 


(mm) 

' Ordinary,  Lnd  Idpecial  Cnla.-ged 

• and  -• 

O'? 717*0  n 

25— 2« 

■ 0.5  ■ ' 1 

* 

31  1 

: ^ i 1 t 1 

[ O.S  I.O  . ^ j 

34—49 

l.O  I.O  j 

53—72 

. -V  ..  m .. 

n— 100  ' 

! 2.0  , . ; :ri 

I'echanical 

Pronerties  of  Steel  Castin-  rn<-r.r-4.ie 

Table  10.2.4 

Tencile  strength  Vielcl  Poir.t  Psreonb  31o;va-  '^§ur‘'L‘ce  impact  Tqi^iness 

- tkj/mn.*)  - ! q,  (kg>mm«-r *»  (Itg-m/aa*) 


rqr  com: 


:rot  less  than 


4S 


14 
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MachaniOil  Proaertiss 


IJ.2.4  l»echanical  pronertiss  of  cast  stsel 
th3  requirstnonts  scacifiad  in  Table  10.2.4. 
select  d'-irin:;  the  castini^  process  the  blanks 
treated,  one  tensile  speoinen  (v/±fch  diameter 
a:id  tvra  speclnsns  for  inoacc  testing. 


chain  materials  should  compily  -.vith 
kethod  of  selscming  speci'iens  is  to 
and  chain  links  and  after  heat 
of  20  mm,  scan  distance  of  130  -rcri/, 


last  chain  links  (co:'.noctin“  links  excluded)  are  allowed  to  have  their  tensile 
strength  reduced  to  3 kg,/r:m-,  yield  point  reduced  to  5 kg/mm*^,  but  at  this  time 
the  percentage  elongation  should  not  be  less  than  lo'o,  surface  fracmure  shrink  ._:e 
should  not  be  less  than  35;’^.  If  the  mechanical  property  test  does  not  deem 
satisfactory,  tv/ics  the  number  of  specimens  should  be  tested  again.  If  the 
re'h-^sting  is  again  not  satisfactory,  the  ohain  links  and  the  blanks  miay  oe  allo-.ved 
to  be  heat  treated  together  and  select  specimens  for  repeated  testing. 

Lnpact  Tests 


l'''.2.5  Impact  test  refers  to  the  impact  bending  test  to  examine  the  qu'.-limy 
of  oasmir.g  and  heat  treatment  of  anchor  chains, 

Imoact  specimens  are  selected  from  hach  heat  one  to  three  links  for  hejt  treat- 
ment after  which  for  Impact  testing.  During  the  impact  test,  one  of  the  orain 
links  is  selected  and  placed  on  a steel  platform  and  mo  be  impacted  for  six 
times  T.athout  any  fracture.  Impact  moment  should  be  in  accordance  with  the 
specifications  described  in  Table  10.2.5. 

This  impact  test  may  be  omitted  -.vith  the  agreement  of  the  Ship  Inspection 
Bureau  if  the  nroducts  are  stable  d ;rir.g  the  fabrication  in  the  manuf roturing 
olant. 


Proof  Load  and  Imoact  Moment  of  Anchor  Chains 


Table 


Chain 

Diameter 

(min} 

j Proof  Load  ! 

Impact 

Moment 

J (k.-ni) 

1 

Chain  I 

Diameter i 

(IB  n)  j 

Proof  Load  ! 

Impact 

. (ks-m) 

Tension  I 

dreakinj 

Tension  | 

Breaking 

1 • ' < t ) * 

( t ) 

23 

24.8  i 

37.2 

i ! 

57  1 

129.1  1 

180.6 

^ 860 
i 

2S 

‘ ' '31.1  ! 

48.7 

: 102 

62 

152.8  { 

213.5 

1 1100 

31 

38.1  1 

57.2 

1 

138 

67  1 

173.6 

242.5 

1 1380 

34 

1 45.8 

68.8 

180 

72  1 

191.9 

268.8 

j 1730 

Z7 

34.2 

81.3  1 

1 23S 

77 

1 210.4 

294.6 

|— 

1 2120 

i 63.4  j 

88.9 

1 300 

.2  1 

1 228.2 

i 

I 319.2 

I 2360 

1 

43 

I 

1 102.8 

! 370 

87 

248.0 

U3.0 

l 3050 

t 

4C 

1 84.1  . 

. U7.8 

I 450 

12 

2*0.5  . 

364.8 

1 3500 

49 

1 95.2 

133.4 

i 

100 

282.8 

398.1 

\ 4640 

a 

1 111.1 

158. 1 

1 890 

- 

1 

— 

1 — 
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Brer-.kin^  Test 

10.2.5  Upon  the  Sf.tisfaator^A  completion  of  the  Impact  test,  a breaking;  test 
for  anchor  chains  and  parts  (end  links,  ro.^ation  links,  conr.sctinp  links, 
connecting  shackles,  etc.)  should  be  carried  out.  3ach  brsakinj;  test  strr.  Is  is 
to  be  made  uo  of  three  links  of  chain.  I’he  breaking  load  shall  be  ao'lied 
to  at  least  one  item  out  of  every  batch  of  .joining  or  connecting  links,  svdvels 
and  end  cast  links  and  end  shackles  of  the  same  production  technique  and  sate 
heat,  with  the  same  diameter,  consisting  of  not  more  than  50  srr.ilar  parts  and 
components  as  one  batch. 

for  breaking  test  of  -.veldod  chain  lengths  one  3-link  samole  is  to  be  selected 
from  each  chain  lengthstaken  -'rom  a batch  of  chain  lengths  of  the  same  diameter 
and  the  same  cast  and  having  been  heat  treated  in  the  sane  furnace  charge. 

The  tests  are  to  be  carried  out  on  testing  machines  perfoming  slow  and  steady 
increase  of  the  load  applied  to  the  ''ample  until  the  specimen  is  broken. 

The  breaking  load  of  the  specimen  should  exceed  those  breaking  loads  specified 
in  Table  10.2.5.  If  the  load  of  the  specimen  cncjod.  the  required  load  and 
does  not  break,  then  the  specimens  are  deem  satisfactory. 

U-:on  satisfactory  completion  of  the  testing,  the  chain  links  of  various  heat 
may  be  used  to  form  new  groups  of  anchor  chain  links. 


Tensile  Test 

IJ.2.7  Uoon  satisfactory  oomoletion  of  the  breaking  test,  anchor  chair,  links 
and  parts  are  suo^.ected  to  a tensile  test  according  to  the  loads  saeoified  in 
Table  10.2.5. 

During  the  tonsils  test,  tension  is  gradually  put  on  the  proof  load  to  20'-'^,  and 
than  measure  the  length  of  the  chain  lengths.  The  tension  is  then  gradually 
extended  to  the  required  load  for  5 minutes,  after  which  the  load  is  reduced  to 
20-s>  of  the  tension;  at  this  time  remeasure  the  length  of  chain  lengths,  and  compare 
•dth  the  first  measurement.  V/hen  the'diameter  of  the  chain  d ">  43nm,  the  percent- 
afge  elongation  should  not  exceed  2.5^4;  -.■.-hen  the  chain  diameter  d<.  43'nm,  its 
oercensage  elongation  should  not  exceed  3 j4. 

The  breaking  number  of  chain  links  during  tensile  test  should  not  exceed  three. 

All  chain  lengths  and  details  having  passed  the  tensile  liest  shall  be  subjected 
to  visual  insoection  and  measurement;  chain  link  surfaoess  should  be  free  of 
cracks  and  other  defects 

Markings 

ID. 2. 8 All  chain  lengths,  rotation  links,  end  shackles,  join  shackles,  and 

join  links,  in  addition  to  be  stamped  -.Tith  the  testing  load,  date  and  manufacturing 

plant,  should  also  be  stamp  v;ith  the  seal  of  the  Ship  Inspeooion  Bureau,  if  the 

chains  and  their  fittings  are  used  for  international  ocean  going  ships.  ; 

P 
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Section  3 ill eotrically  '.I'elded  Chai:'-S---inohor  Shains, 
dooe  Tools,  Shains  and  .{udder  Shains 

Chenioal  Scir.oosition  and  liechanical  ^'roperties 

10.3.1  S^.cmical  oo:.'ioo3ioion  and  nec'nanical  proporxies  of  rolled  steels  used 
in  electrical ly  -velded  anchor  chains  and  links  and  other  fittings  should  conoily 
vri.th  th.0  requirsitents  specified  in  Table  10.3.1 


Table  10.3.1 


l.'rcie  of 
darts 

j Oho-aioal  Ic.r-tositicigo 

1 i..ech.anio.il  Pro'ertie 

; IqjiYa' 
y.  Steel 
j t-rades 

% 

c 

S : a 35  ! S£ 

Mn  1 Si  ; P 1 S 

. 

^ ■ 

1 

(?<)  [ ISO* 

-%»?rasi^(33-isg5i:,  ! 

0.12 

1 

o.ia 

» 1 ; 

0.3  f ! j 

J IC0.ISC«I‘.035  ‘<0.04: 
0.S5  [ , 

1 

37—45 

^24 

1 1 

1 - 

•Sa«E?:W£7:fe.  KSWtSfa 

Uf' 

85. 

« , ■ y-  V, 

! 

1 

42~52 

S62( 

^23 

i 

j 

j A4 

j\ 

' 50~62  j 

. ^ZS 

5:19  1 

d = 31  As 

I-Ioriz.ontal  t 

'c  ar  3 .3  r 1 

ordf.  .ry  and! 

extra  large  1 
- 1-  *1  1*"?  1 

rfj 

34~42’  1 

' ■ ^zo  1 3iZ5  jd=0.5i' 

*2,  .'3 

OaLStil 
- 1 

12 

15 

3'snd  ..j.sistano! 
jtren.'th  kS 
5snd  “esistancf 
-id."-' ' • 

. HT|i_2s 

SHTi5_3S 

Slectrically  welded  stud  and  studless  c'.ain  links  of  ordinary 
rcind,  extra  large  si?,e  chain  links,  end  links;  forged  rotatio  i 
rks  and  forged  studless  chains, 
i 'dy  and  horizontal  looks  of  end  sr.ackles,  ;ion-sore-,v  rotation 
links  and  link  pOoS,  turnbuckles,  round  locks,  stids,  and 
sl.ackles  and  join  lints;  half  links  a.nd  oriz3.'ital  locks  of 
join  links. 

Linic  pegs  and  nuts  of  screw-typo  rot i links. 


i 

I*. 

•? 


' -i 
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boecL-iens 

11.3.2  Sr-aclmens  for  rollod  stoels  used  in.  v.-elied  chain  links  should  he  divided 
acoordin,?;  to  croups  of  the  heat,  v.’ith  each  group  -.vlth  noo  aors  than  100  rolled 
soeols  oi’’  sane  dicneter  not  greater  than  3 .Ten.  3ach  group  of  rolled  soeels  sho.ild 
have  one  tansile  test  soecinen,  and  one  cold  bending  soeoirasn. 

l.-a^arials  and  Oslding 

10.3.3  All  rolled  steels  used  for  ’.velded  chains  should  be  subjected  to  external 
exa'ni’atin;  and  should  not  have  any  cracks,  scars,  laviintations,  and  oth:r 
defects.  Allo’.vabla  tolerance  of  the  disneter  of  rolled  steels  should  oor.pily  -.vith 
the  require.nents  soscifisd  in  'fable  10,3.3. 


Tab  la  10.3.3 


-lolled  Steel 
Dianet’er  (xni  I 
Allovrable  ■ 
Tolerances  (.nrai 


10.3.4  Links  of  each  chain  lengths  should  be  fabricated  fron  “he  sane  t’.’pe 
cf  materials.  Links  should  be  contact  -.velded  or  arc  v.-elded. 

(1)  Contact  -.'/elding  should  not  have  any  slags,  overheate-  netal  and  burned  spots, 
and  should  be  thorou.,._,hly  ■velded. 

(2)  Arc  v/elding  sho.ild  be  thoroughly  welded  and  should  net  have  any  air  holes, 
slags,  fissures,  and  arc  grooves  and  other  .iefects. 

The  welded  materials  should  be  heat  treated. 

10.3.5  Durin.g  -.'elding  of  anchor  chain  links,  the  correspond  location  of  each 
half  link  should  not  exceed  the  reauirements  soecified  beio-.v: 


Chain  dia-ieter  d-S'y  B i-un O.S'in 

" ''  d.=9  ^15  mri 1.5  am 

" " d=17~22nn I.O.TuTI 

" " d=25^37  nun 1 . -5  run 

" " J ^ /I  o — 


d 2;  40r3.T. 2.0  n-m 


-After  the  chains  are  welded,  the  longitudinal  surface's  f lexi:.'.blity  should  be: 
-.'/hen  chain  diw.ietor  dk,.37  m-m,  it  sho  ild  not  exceed  1 m;  when  coo  in  ditor.eter 
dclO-v.So  •21,  it  shcild  not  be  exceeding  1.5  :m;  when  chain  diameter  d^37  rn, 
it  should  not  exc-eed  2 rm. 

The  -.'/elded  chains  and  lirAcs  and  other  fittings  should  be  subjected  to  dimensional 
measurer-ient;  their  allov/able  dimensional  tolerances  should  meet  the  requirements 
specified  in  Table  10.3.5.  TablalO.S.S 


Chain  Diameter 

d (mm) 


Allowable  Tolerances  

■ , Dieneter  rolerances  , at 

1 Chain  Length  and  .'idth  Ber.dinv  dei-'-i--  ' v' ■ 


-1.5 


I’ensils  --sst 


10.3,7  ITpor.  “"'e  com ol=;tio;i  of  ::'-3  jrso.'zir.;;:  ■;3st,  -snoh  chain  lor.^th  is  3‘.i;jjotjd 
to  n’-.s-  tensile  oest.  Tensile  test  load  should  oe  in  a, .recaaent  v,'ith  'f.-.e  re~".ire- 
nonts  s'ooifisi  in  T-.v'le  10.3.S(3y.  resoin^  nethod  is  nhe  sane  _ s doscrib:! 
in  Section.  Ij.i.o.  .’c'.vevei',  ^'..3  ncncens-a.ne  slon.^ucion  of  e;ch  ar.ch.cr  c air. 
lon.zt'ij  •v'.'.on  th.-e  ciz.-iin  dinneter  d^i3  n-n,  shoulr.  not;  o.-.c-ced  l.c  vh;- 

iianoter  1 < 43  :ir.,  r'.'O  norcenta  ;e  olon_;ation  sh.ould  not  enc  ied  3 a. 


j.irin_j  tensile  tc-stiii.;,  if  the  chai.".  le.n.'ths  breal-c,  co-'tinue  the  testing  .-li 
■\  co.injctin  ; niece  jointed  to  t’na  brenVin;;  location.  .Vfter  tsstin,-,  coiid.*c 
a t'-orouth  visual  insoection.  If  th.c  breakage  occurs  aa  the  v/eicin^;  noint  of 
the  0 air,  lennth  ^_-id  encnsds  three,  the  ar.ch.or  ch.ains  ore  then  dee.r.  unacce','  able 
and  vrorthloss.  ^he  breakage  does  r.ot  -or.ceed  th.rea  at  the  vrelding  ooi.nt, 

a nev;  test  of  a-nother  chain  link  .'.ay  be  repeated;  the  rstest  should  not  yield 
any  breakage. 

harkin  -.',s 


10,3.8  Upon  satisfactory  co.npletion  of  the  test,  -.velded  ch.ai.ns  should  be 
stavioed  according  to  the  recuire.-sents  specified  in  11,2.8. 
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